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THE GEOLOGICAL HISTORY OF NEW YORK 
STATE 


BY 
WILLIAM J. MILLER Ph.D. 


PREFACE 


The researches and truths of any modern science if they are 
properly to fulfil their mission, should be brought within the reach of 
laymen. In this bulletin the purpose is to present in a simple, read- 
able form, an outline of the wonderful story of the physical develop- 
ment of New York State. No knowledge of physiography or 
geology is presupposed. Any person who possessed of intelli- 
gence and a willingness to learn is fully prepared to read these pages. 

When the reader has gained a fair understanding of the principles 
here set forth, he will be much better prepared to use intelligently 
the publications of the New York. State Museum which deal with 
the geology and geography of many portions of the State. In short, 
this volume may be considered as a “first book” for all who are 
interested in the physical features of our State and it is believed 
that teachers and older pupils in geography and physical geography 
may receive helpful suggestions from it. 

It must be clearly understood that scarcely more than a sketch 


_ of such a large subject can be given in so brief a space. Local 
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details can seldom be brought in except for illustration of certain 
important points, and of necessity many questions will occur to 
readers interested in the natural features of their home regions 
which are not directly answered. It is hoped, however, that most 
of the important and striking geographic features in all parts of the 
State are explained, and that many local details will find ready 
explanation by the application of the principles set forth. 

Emphasis is here placed upon the genesis of geographic forms. 
It is one thing merely to state a geographic fact, such as the location 
of a mountain or lake or valley, but it is a far different thing to 
explain how the mountain or lake or valley came to be there. Every 
geographic form has a history, and if we fail to appreciate that 
history we lose the most interesting and valuable part of our geo- 
graphic training. Geographic facts, like all others, are more easily 
understood and remembered when the reasons for their existence are 
given, yet it must be admitted that the teaching of such rational 
geography is still in its infancy in the schools of this State. 

The use of a certain number of scientific terms is unavoidable 
in practice, but common terms only are employed and in every 
case these are carefully explained when first used in the text. 
Particular attention is directed to the photographs, maps and 
diagrams, all of which have been carefully selected or made for 
the express purpose of illustrating this text. Except for some 
quotations, references to original papers have been omitted, but at 
the end of the volume a list of the more important books and 
papers of general interest is given, and anyone desiring to broaden 
into wider fields or greater details can readily do so with the aid 
of those references. 

I have used many personal observations made during travels into 
almost every county of the State, but obviously the book could 
never have been written were it not for scores of devoted men of 
science who, during the last hundred years, have zealously labored 
to unravel the natural history of our great Commonwealth. 1 
gratefully acknowledge my indebtedness to them all. 

I am under particular obligation to Dr J. M. Clarke, our able 
and efficient State Geologist and Director of Science, for his kind- 
ness in critically reading the manuscript and making important 
corrections and suggestions. 

W. J. M. 

Hamilton College, Clinton, N. Y. 


Chapter 1 
INTRODUCTION 


GENERAL PRINCIPLES AND REFERENCE TABLES 


Few states present a more wonderful variety of physical features 
or afford a more excellent opportunity to those interested in the 
study and teaching of geography or geology than does New York. 
Here are rock formations of all the more important types; all the 
leading types of mountains (Adirondacks, Catskills, and Taconics) 
except actual volcanoes, and even true lavas occur in the Adiron- 
dacks and in the Palisades of the Hudson; hundreds of lakes of 
various shapes and kinds; shore outlines ranging from the great 
sand bars and beaches of Long Island to wave-worn cliffs along 
the shores of Lake Erie and Lake Ontario; typical prairie plains 
like that south of Lake Ontario; a great plateau in the south- 
western region; valleys and gorges of varied origin; rivers of all 
types and often with remarkable histories; a striking display of 
relief features; and extensive and varied deposits of glacial origin. 
Accordingly, it is not an exaggeration to say that examples of nearly 


‘all the most important physical features of the earth are repre- 


sented within the borders of this State. 

As the observer looks out over the State he sees this great 
variety of physical features and, unless he has given some thought 
to the subject, is very likely to regard these as practically un- 
changeable, and that they are now essentially as they were in 
the beginning of the earth’s history. Some of the fundamental 
ideas taught in this book are that the physical features of the State, 
as we behold them today, represent but a single phase of a very 
long continued history; that significant changes are now going on 
all around us; and that we are able to interpret the geography of 
the present only by an understanding of its changes in the past. 

Geology is concerned with the evolution of the earth and of its 
inhabitants, as revealed in the rocks. This science is very broad 
in its scope and treats of the processes by which the earth has 
been, and is now being, changed; the structure of the earth; the 
stages through which it has passed, and the development of the 
organisms which have lived upon it. 

Geography deals with the distribution of the earth’s physical 
features, in their relation to each other, to the life of sea and land 
and human life and culture. : 

‘alain is the outward and present expression of geological 
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effects. The terms geography and geology are thus here used in 
the sense that the latter includes the former, as the cause includes 
the effect. Paleogeography has reference to the geography of the 
past epochs in the history of the earth. 

Physiography, or physical geography, deals with the configuration 
(relief) of the earth’s surface and how it was produced. 

As a result of the work of many able students of earth science 
during the past hundred years, it is now well established that our 
planet has a clearly recorded history of many millions of years, and 
that during the lapse of those eons revolutionary changes in geog- 
raphy have occurred; that there has also been from an early stage 
of the earth’s history a vast succession of living beings which have 
gradually passed from simple into more complex forms and have, 
in some particulars, reached their highest expression in the organ- 
isms of the present time. The geographic changes and the organisms 
of the ages gone by have left us no abundant evidence of their char- 
acter and the study of the rock formations has shown that within 
them we have a fairly complete record of the earth’s history. 

In the time of Alexander von Humboldt, less than one hundred 
years ago, the keen student of natural phenomena could carry in 
his own mind most of what was definitely known of earth history. © 
Today, because of the tremendous growth of the science, it would 
be a presumption for any man to claim that he knows all of what 
has been learned about the geological history of even the single 
State of New York. While it is true that much yet remains to be 
learned of this old earth, it is a real source of wonderment that 
man, through the exercise of his highest faculty, has come to know 
so much about it. 

All the rocks of the earth’s crust may be divided into three great 
classes: igneous, sedimentary, and metamorphic. 

Igneous rocks comprise all those which have ever been in a 
molten condition, and of these we have the volcanic rocks (for 
example, lavas) which have cooled at or near the surface; plutonic 
rocks (e. g., granites) which have cooled in great masses at con- 
siderable depths below the surface; and the dike rocks, which when 
molten have been forced into fissures of the earth’s crust and there 
cooled. 

Sedimentary rocks comprise all those which have been deposited 
under water (except for some wind-blown deposits) and are nearly 
always arranged in layers (stratified). These rocks may be of 
mechanical origin, such as clay or mud which hardens to shale; 
sand, which consolidates to sandstone; and gravel, which when 
cemented becomes conglomerate. Or they may be of organic origin, 
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such as limestone which is formed by the accumulation of calcareous 
shells; flint and chert, which are accumulations of silicious shells; 
coal, which is formed by the accumulation of partly decayed 
vegetable matter. Or, finally, they may be formed by chemical 
precipitation, as beds of salt, gypsum, bog iron ore, etc. 

Metamorphic rocks comprise both sedimentary and igneous 
masses which have been greatly changed from their original con- ° 
dition. Thus, under conditions of great pressure and heat, with 
superheated moisture, sedimentary rocks may [become crystalline, 
as when shale is changed to schist, sandstone to quartzite, or lime- 
stone to marble; or an igneous rock may take on a banded structure, 
due to a rearrangement of its component minerals, and thus become 
a gneiss. ‘ 

To the modern student of earth science, the old notion of a “ terra 
firma” is outworn. That idea of a solid, immovable earth could 
never have emanated from the inhabitants of an earthquake country. 
In the recent San Francisco earthquake, along a line of several 
hundred miles, one portion of the Coast Range mountains slipped 
from two to twenty feet past the other. In Alaska, in 1899, a por- 
tion of the coast was bodily elevated forty-seven feet. In Japan 
in 1891, for a distance of forty miles along a rift in the earth’s 
crust, there was a sudden movement of from two to twenty feet. 
These are merely striking instances of many of the sudden earth 
movements of recent years. Hundreds of earthquakes occur yearly 
in the islands of Japan alone, and it is probably true that the 
earth is shaking all the time. 

There are still other movements which are taking place more 
slowly and quietly, but which are more significant for our interpre- 
tation of the profound geographic changes which have occurred 
during the millions of years of known earth history. Thus the 
coast of Norway is rising while that of northern France is sinking. 
Distinct beaches at different elevations far above the ocean level 
on the western slope of the southern Andes testify to important 
changes of level in comparatively recent time. A fine illustration 
of notable sinking of the land is proved by the drowned character 
of the lower Hudson valley, and by the fact that the old Hudson 
channel has been definitely traced, as a distinct trench in the ocean 
bottom, for one hundred miles eastward from Sandy Hook. That 
this same region has still more recently been partially re-elevated 
is indicated by the presence of very young stratified beds of clay 
and sand which are now raised from seventy to three hundred feet 

e the river, the elevation increasing northward toward Albany. 
ual surveys show that, in the Great Lakes region, a differential 
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movement of the land is now in progress, the elevation being greater 
toward the north. 

In the succeeding pages evidence will be offered to show that 
most of New York State has been repeatedly covered by ocean water. 
It will also be established that where such mountain ranges as 
the Appalachians, Alps or Himalayas now exist was formerly 
ocean bottom upon which layers of sediment were being spread out. 
Those layers of sediments have been bent, crumpled, folded, and. 
greatly elevated above sea level. Thus it is literally true that the 
great typical mountain ranges of the earth have been born out of 
the ocean. 

Among other important processes of nature which have long been 
active in modifying the earth, are those of weathering and erosion. 
Weathering is brought about by the various atmospheric agencies 
such as’moisture, oxygen, carbonic and other acids, together with 
changes of temperature, and the result is to cause all rock masses 
to disintegrate or decay. In this way most soils are produced, and 
were it not for the process of erosion, soils would be much deeper 
and more widespread than they now are. Weathering prepares the 
material which is carried away by the streams, and this transported 
material is deposited either along the flood plains of the lower 
stream courses or on the bottom of the lake or ocean into which 
the streams flow. Every stream, at time of flood, is heavily 
charged with mud or even coarser sediment which has been derived 
from the wash of the land of its drainage basin. The very presence 
of the sediment in the streams proves that the land is being lowered 
and although, on first thought, it may be supposed that no really 
great change could be accomplished by this means, nevertheless we 
must remember that nature has practically infinite time at her 
disposal so that slowly but surely vast geographic changes are 
wrought and, perchance, a tremendous canyon like that of the 
Colorado in Arizona will be carved out by weathering and erosion. 
The general tendency is for all land masses to wear down to or 
near sea level and, were it not for renewed uplifts, all land, even. 
including mountain ranges, would long ago have been worn down 
to near sea level, that is to the condition of peneplain (almost a 
plain). The former lofty Appalachians were thus worn down to 
the condition of a peneplain which has since been somewhat re- 
juvenated by elevation. Accordingly, that familiar expression “ the 
everlasting hills” is much more exact when made to read “the 
everlastingly changing hills.” . 

Still another important process by which the physical features 
of the earth have often been changed is through vulcanism, or 
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igneous activity in general. By this means materials are brought 
up from within the earth to or near its surface. Thus an active 
volcano violently ejects rock fragments, dust etc. or more quietly 
pours out molten rock, while in many cases great masses of molten 
rocks have been forced upward into the crust of the earth without 
reaching the surface and hence have slowly cooled at greater or 
lesser depths below the surface. Such volcanic rocks have become 
exposed to view only by subsequent erosion of the region. 

In order to understand the physical history of our State it is 
necessary to know that significant changes, like those above 
described, have long been, and now are taking place. In tracing 
this history we shall see how all these natural processes have 
operated to bring the State into its present condition. It is also 
necessary to understand that the known history of the earth has 
been carefully divided into great eras, and into lesser periods and 
epochs, and that these constitute what is called the geologic time 
scale. This time scale is important to the reader because the prin- 
cipal events in the history of the State will be taken up, so far as 
they are recorded, in regular order according to that scale. In the 
first table the names of eras and periods are mostly of world-wide 
usage, while the names of subdivisions (epochs) of the periods are 
much more local in usage and, in the second table, only those are 
given which apply to New York State. 


GEOLOGIC TIME SCALE 


ERAS PERIODS DOMINANT LIFE 
Quaternary Age of man 
Cenozoic 
Tertiary Age of mammals 
Age of reptiles, with birds first in 
M “ Cretacic the Jurassic, and trees and flowers 
esozoic : 4 
Jurassic of modern aspect first in the Cre- 
tacic 
Triassic Age of amphibians, with cycad plants 
c  Permic } common 
Carbonic Great coal age, with large nonflower- 
ing plants 
. Paleozoic Devonic Age of fishes 


sey simple fishes in the Siluric 


Proterozoic Algonkic 
Archeozoic Archean 
: 
: 


Earliest known forms of life 


Siluric : : 
Age of invertebrates, with some very 
| but records very imperfect 
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PERIODS, EPOCHS, AND ROCK FORMATIONS IN NEW YORK 


Sahara fA 
Recent clay.beds, alluvium ete. Surface deposits 
Quaternary; Pleistocene. Glacial clay, sand, very common 
gravel, boulders etc. over the State 
Tertiary OE i Sands, clays, and gravels on Long Island 
Monmouth 
: Matawan Clay and sand on Long and Staten 
easel Magothy Islands 
Raritan 
Jurassic Absent (probably ) 
Triassic Nees sandstee a } Rockland county 
Palisade lava 


Permic Absent 

( Olean conglomerate Allegany and Cattaraugus 
Cattaraugus shale ee ; 
| Catskill and Chemung | Catskills and southwestern 


Carbonic 


sandstones New York 
Portage shale and South-central and western 
sandstones New York 
} Gene see } East-central to western New York 
Devonic Tully limestone 
Hamilton shale j 
Marcellus shale East-central to western 
Onondaga limestone 4 New York and _ eastern 
Oriskany sandstone base of Catskill mountains 
. (Helderberg limestone 
Manlius limestone 
Rondout waterlime Eastern to western New 
Cobleskill limestone York except |'Shawan- 
Salina shales, salt, water- gunk in eastern New 
lime and Shawangunk York only 
conglomerate ‘ 
Siluric Lockport and Guelph Ke 
dolomites Central to western New York 
Rochester shale } 
Clinton shale, sandstone, Central to western New 
limestone and iron ore York 
Medina and Oneida sand- \ Central to western New 


stone and conglomerate York 
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Frankfort shale and sand- i Central New York and 


stone \ western side of the Adi- 
eee) tale ~’  rondacks : 
Ordovicic J Prenton limestone and  } Around the Adirondacks 
| Shale _. | and more or less in Hud- 
| Black river limestone son valley. Chazy ab- 
| Chazy limestone ‘| sent from Mohawk val- 
| Beekmantown limestone ley 
Lite ene hese ihe Around the Adirondacks 
“BS ala and some in southeastern 
Potsdam sandstone and Nate Vo 
Cambric limestone pir 
Acadian limestone +) East of Hudson river from 
Georgian slate and ‘Washington county south- 
. quartzite ward 
Igneous series — Anortho- ) 
site, granite, - syenite, | Adirondacks and Hud- 
Precambric gabbro and diabase son Highlands 
Grenville metamorphosed 
sediments 


Throughout this book the purpose is not merely to describe the 
physical features of the State, but rather constantly to emphasize 
the history or evolution of those features. The idea which I would 
now convey to the reader has been admirably expressed by Pro- 
fessor Davis in his “ The Physical Geography of Southern New 
England’: “ Geography still retains too much of its old-fashioned, 
irrational methods: it has not kept pace with the advance made by 
geology. In spite of what the geologist has learned about the 
evolution of geographical forms, the geographer still too generally 
treats them empirically, and thus loses acquaintance with one of 
the most interesting phases of his subject... . It is often main- 
tained that a devoted study of the facts themselves, without regard 
to their meaning or development, will suffice to place them clearly 
enough before the mind; but this view is contradicted both by 
general experience in many subjects where rational explanation 
has replaced empirical generalization, and by the special experience 
of geography as well. Left to itself as an empirical study, in which 
the development of land forms was hardly allowed to enter, it has 
languished for many years, until it became a subject for continual 
complaint. . . . Today it is only by those who fail to see the direc- 
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tion of geographical progress, and who are ignorant of the progress 
already gained, that objection is made against the effort to bring 
every geographical fact under the explanation of natural processes. 
No one of active mind can look across our upland and fail to gather 
increased pleasure and profit from understanding its history. No 
one who looks upon geography as the study of the earth in relation 
to man can contemplate the contrast between glaciated New Eng- 
land [or New York] and nonglaciated Carolina without inquiring 
into the meaning of the contrast: he might as well study the Sahara. 
and the Sudan without asking the reason for the dryness of the 
one and the moisture of the other.” 
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Chapter 2 


PHYSIOGRAPHIC PROVINCES, STRUCTURE AND 
DRAINAGE 


y GENERAL STATEMENT 

The area of this State is 49,170 square miles, including 1550 
square miles of water. The range in altitude is from sea level to 
over 5000 feet, while the average elevation is about 900 feet. Mt 
Marcy (altitude 5344 feet) in Essex county is the highest mountain 
in the State. 

For the sake of convenience in discussing the general physiog- 
raphy and structure, the writer has divided the State into certain 
well-defined physiographic provinces as shown on the accompany- 
ing map. Lest the sharp boundary lines convey a wrong impres- 
sion, it should be stated that the provinces are, in reality, seldom 
sharply separated from each other (see figure 2). 


ADIRONDACK MOUNTAIN PROVINCE 

The Adirondack mountain province comprises fully one-fourth 
the area of the State and consists of a great, nearly circular mass 
of metamorphic and igneous rocks of very great age, that is, 
Prepaleozoic. This large mass of erystalline rocks is completely 
surrounded by the practically unaltered Cambric and Ordovicic 
rocks. The whole province is typically mountainous and heavily 
wooded, often being truly wilderness in character with very few 
roads or settlements other than summer resorts. Except along the 
immediate borders, the elevations range from 1000 to over 5000 
feet. The greatest axis of elevation extends from southern Hamil- 
ton county (2000 feet) northeasterly well into Essex county where 
the highest mountains are grouped around Mt Marcy, and where 
the mountains commonly attain altitudes of from 3000 to 5000 feet 
(see plate 1). In the eastern and southeastern portions there is a 
well-defined tendency in the mountain masses to be arranged in long, 
nearly parallel ridges or “ ranges” whose general trend is north- 
northeast to south-southwest. This structural feature is due to 
numerous faults or fractures in the earth’s crust and will be 
explained on a later page. In the northern and western por- 
tions the mountains are very irregularly arranged. Viewed as a 
whole there are no high, sharp-topped peaks which stand out prom- 
inently above the general mountain level, and the flowing or 
rounded outline of topography is by far the most common (see plates 
2 and 3). The very ancient Grenville rocks occur throughout the 
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region, and great masses of igneous rocks have been forced through 
these. All these rocks have been subjected to tremendous earth 
pressure which has folded and thoroughly metamorphosed them. 


SOUTHWESTERN PLATEAU PROVINCE 


This, the largest clearly defined physiographic province, occupies 
nearly one-third of the area of the State. The rocks are all 
unaltered sediments of Devonic age, except a few small patches 
of Carbonic rocks in the southwest, and consist of shales, sandstones, 
and conglomerates. These formations exist as vast sheets or layers 
piled one upon another, with an aggregate thickness of several thou- 
sand feet (see figures 3 and 5). In marked contrast to the Adiron- 
dack province, the rock masses of this southwestern plateau are 
practically devoid of displacements, the only disturbance being a 
slight tilt (30 to 50 feet a mile) of all the strata to the south or 
southwest, associated with low northeast-southwest undulation. 

Although this plateau is pretty well trenched or dissected by 
streams, it is nevertheless not a mountainous country, there being 
no high ranges or peaks standing out prominently. The elevation 
of the province varies from 500 to 600 feet on the northern side 
to over 2000 feet on the eastern and western sides. A notable 
feature is the distinct sagging of the plateau toward the middle 
portion. This sagged or depressed portion is occupied by the Finger 
Lakes, especially that portion filled by the south ends of Cayuga 
and Seneca lakes and the valleys which enter them from the south 
in the region of Chemung and Tioga counties. It is possible, by 
traveling along Seneca lake and thence southward to Elmira and 
the Chemung river, to pass entirely across the plateau province 
from north to south without attaining an altitude of much over 
goo feet, which is on the divide between Watkins and Elmira. 

PhysiographicaJly, the Plateau province is really but the north- 
ernmost extension of the great plateau which lies along the western 
base of the Appalachian mountains. On the east the province is 


bounded by the Catskill mountains which are in no sense sharply, 


separated from the plateau itself. On the west and north the 
province is bounded by the Erie-Ontario plain and Mohawk valley 
provinces. The northern limit is pretty clearly marked by what 
is known as the “ Helderberg escarpment” of Devonic limestone. 
This limestone, being of considerable thickness and more resistant 
than the neighboring formations, has generally stood out boldly 
against erosion, thus causing an abrupt change in relief. The 
escarpment is particularly prominent along the boundary of the 
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_ Typical southwestern plateau topo hy. Note the numerous irregular 
hills, the high general level of the country and the deep broad-bottomed 
occupied by the larger s 


treams. The rocks are shales and sandstones 
age. From Cortland (U.S. G. S.) quadrangle. Scale, about 
to the inch. 


NEW YORK STATE 


TILE GEOT.OGICAL IkISTORY OF 


*SOSSELU YIOI peass 
94} FO SUCT}eaI PU spNn}}e oy} Surmous ‘o}e}G YICK MaN JO szied snorwsea ySnosy} suoroes VinjonIys pozyesousy O-L “Oly 


oranvosid [SJ 
oruewvo Pre] 
a121n0a10 =] 
onus Fe=y 


7 SRAMESSE LASS 
Res 


: ESSER 


2 PSS 


18 ‘ NEW YORK STATE MUSEUM 


plateau and Mohawk valley provinces where the hard limestone 
lies at an altitude of more than 1000 feet, and directly overlies the 
soft shales of the valley whose altitude is only a few hundred feet. 


CATSKILL MOUNTAIN PROVINCE 


This is the most rugged of all provinces in the State and, next 
to the Adirondacks, contains the greatest elevations. Slide moun- 
tain (4205 feet) is the highest, while a number of points range 
from 3500 to over 4000 feet in altitude. 

The rocks are all of Devonic age and consist almost entirely of 
sandstones and conglomerates. Except for a slight westward un- 
dulation, these rocks are arranged in practically horizontal layers and 
show an aggregate thickness of several thousand feet (see figure 6). 
Lying under these Devonic rocks and outcropping at the very base 
of the mountains on the north and east, are various formations of 
Siluric age. 

The term “ mountains ” as applied to the Catskills requires some 
explanation. The more typical mountains of the world have been 
formed by folding or faulting of the strata, or by igneous activity, 
or by two or all of these causes combined. For example, in the 
development of the Appalachians both folding and faulting have 
played prominent parts, while in mountains like the Sierras or 
Adirondacks, folding, faulting, and igneous action have all been 
important. The Catskills, however, in which these typical moun- 
tain phenomena are wholly lacking, are to be properly placed in 
the category of what we may call “erosion mountains.” Moun- 
tains of the pure erosion type are due to an uplift of land high 
above sea level, followed by deep dissection of the elevated mass 
by the action of streams. The Catskills are only an easterly ex- 
tension of the plateau province where the rocks are more resistant 
and perhaps the elevation of the region was greater, so that the 
streams were able to cut deeper. trenches while the harder rocks of 
the divides have so far prevented a general wearing down of the 
region. The Catskills furnish a remarkable example of a high 
plateau deeply dissected by numerous streams. The whole topog- 
raphy is very rugged, all being much like that of the highest por- 
tion of the Adirondacks around Mount Marcy (compare plates 
2 and 5). The Catskills, however, lacking the proper structural 
features, show practically no tendency to parallel arrangement of 
ridges or mountains as is so common in the Adirondacks. 

On the south the Catskill province almost grades into the folded 
region of the Appalachians, while on the west it gradually merges 
into the southwestern plateau. On the north the Helderberg 
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escarpment, standing out abruptly and to a great height, forms a 
sharp boundary. On the eastern side the Catskills present a very 
steep, high front facing the Hudson valley. This steep front rises 
about 3000 feet and consists of hard Devonic sandstones and con- 
glomerates overlying the Siluric strata (see figure 6). 


MOHAWK VALLEY PROVINCE 


The Mohawk valley province, though comparatively small, is of 
great impartance because it so clearly separates the Adirondack 
highlands on the north from the highlands of the Catskills and 
southwestern plateau provinces on the south. In fact it should be 
noted that the Mohawk valley is by far the lowest passageway across 
the mountains between the St Lawrence river and the southern end 
of the Appalachian range. This low pass is one of the great eastern 
* gateways ” which, with the St Lawrence, have afforded the easiest 
means of communication between the Atlantic seaboard and the 
region west of the Appalachian mountains. 

The comparatively narrow inner valley through which the river 
now flows is often erroneously called the Mohawk valley, but in 
reality the whole depression, from 10 to 30 miles wide and fully 
1000 feet deep, between the northern and southern highlands of 
the State, should be called the Mohawk valley. At Little Falls the 
inner valley narrows to a gorge several hundred feet deep, where 
the river has cut its way through a preglacial divide (see plate 7 
and figure 7). Had it not been for the recent cutting of this gorge 
(see explanation accompanying plate 44 in chapter 6) through the 
barrier at Little Falls, the Mohawk valley would never have been so 
important as a great gateway between the Atlantic coast and the west. 
Today the four tracks of the New York Central Railroad, two tracks 
of the West Shore Railroad, the Erie canal (now being enlarged to 
the Barge canal), an important highway, many telegraph and tele- 
phone wires, and the Mohawk river all pass through this narrow 
gorge and within a few hundred feet of sea level. Eastward and 
westward from Little Falls, the inner valley is generally fairly wide 
and open (see plate 7). At Little Falls the Mohawk river is less 
than 400 feet above sea level and even at Rome, in the western 
part of the province, the river shows an altitude of only 420 feet. 

The principal rocks of the province are shales, sandstones and 
limestones of Cambric and Ordovicic ages; of these the soft, black 
shales of Trenton, Utica, and Frankfort ages are in greatest 
oe eagee The valley owes its existence largely to the presence 
of |this belt of soft shales lying between the hard crystalline rocks 
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of the Adirondacks on the north and the comparatively hard lime- 
stones immediately southward. The work of erosion has made 
rapid progress in this belt gf weak rocks, and at two places, Little 
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Fic. 7 Geologic and topographic sketch map and structure sections of the 
vicinity of Little Falls. Crosslined area at bottom of gorge—= Precambric 
rock (syenite); blank areas—Little Falls (Cambric) dolomite; vertical 
line areas — Trenton (Ordovicic) limestone and shale; horizontal lined 
areas—= Utica (Ordovicic) shale; dotted areas Quaternary sand and 
gravel. Heavy black lines are faults. The structure sections show the con- 
dition of things along the lines AB and CD. In the sections the vertical scale 
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Topographic map showing the deep, narrow gorge of the Mohawk river at Little Falls. 
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Falls and “ The Noses” (Yosts), the river has cut down to the Pre- 
cambric (Adirondack) rock. In general, the rock formations of 
the province tilt slightly southwestward and show folding only on 
a very small scale. From Little Falls eastward, however, the strata 
are greatly disturbed by numerous nearly north-south. faults which 
are often of considerable magnitude (see figure 25). 


ERIE-ONTARIO PLAINS PROVINCE 


On the extreme western side of the State, and lying between 
Lake Erie and the Southwestern plateau, there is a strip of land 
only a few miles wide which may be called the Erie plain. This 
plain is of very low relief and slopes from an altitude of from 
800 to 900 feet down to the level of Lake Erie, whose altitude is 
573 feet. Where the Erie plain joins the Southwestern plateau 
there is a very decided change of slope. The rocks underlying this 
plain are dark shales of Devonic age and show the usual slight 
southwestward tilt (see plate 31). 

The Ontario plain is much larger and lies between Lake Ontario 
and the Southwestern plateau, the southern boundary being marked 
by the “Helderberg escarpment.” This large province slopes 
gradually to the shores of Lake Ontario and is remarkably free 
from relief features of any considerable magnitude. One that 
deserves mention is the presence of many hundreds of low, glacial 
knobs (drumlins) which are thickly scattered over the whole plain 
between Rochester and Syracuse (see plate 42). Another feature 
which serves to break the monotony of the plain on the west is the 
low but distinct escarpment of Niagara limestone, which extends 
from Lewiston eastward to beyond Lockport. On the east the 
Ontario plain gradually merges into the Mohawk valley province 
on the one hand, and on the other hand comes against the western 
foot of the highlands of the Tug Hill province. 

The rocks underlying the Ontario plain are chiefly sandstones, 
limestones and shales of Siluric age, which show the usual tilt 
toward the south. At the extreme northeast, limestone and shale 
of Ordovicic age are present and these show a slight westward tilt. 


TUG HILL PROVINCE 


The Tug Hill region is worthy of recognition as a distinct physio- 
graphic province because we have here a highland mass of con- 
siderable extent entirely separated from the neighboring provinces. 
ii? point, six miles west-northwest of Lyons Falls, Lewis 
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county, reaches an altitude of nearly 2100 feet, while the central 
portion of the province, covering many square miles, is remarkably 
flat and swampy with the general level above 1800 feet of elevation. 
On a smaller scale, this is as truly a plateau as the great South- 
western plateau already described and, interesting to note, this 
Tug Hill plateau is merely an erosion remnant of the great up- 
raised Cretacic peneplain (see chapter 5) which formerly included 
all of New York State. 

On the south and west this province slopes rapidly downward 
to the lowlands of the Mohawk valley and Ontario plain provinces, 
while on the east and north the Black river valley sharply separates 
this province from the Adirondack and St Lawrence Valley prov- 
inces. The rapid descent into the Black river valley bottom is 
everywhere 1000 feet or more over a series of high, steep terrace 
fronts (see plate 8). In passing, it should be stated that, though 
seldom recognized, this Black river depression takes rank as one 
of the few greatest valleys within the borders of the State. 

Near Boonville, and at an elevation of about 1100 feet, occurs 
the division of drainage between the Mohawk andi Black rivers, 
and this divide forms the highest land connecting the Tug Hill and 
Adirondack provinces. But in spite of this partial connection and 
the close proximity of the province to the Adirondacks, the rock 
formations and structure are wholly different from those of the 
Adirondacks while they greatly resemble those of the Southwestern 
plateau. The rocks are all of lower Paleozoic (chiefly Ordovicic) 
age, with several hundred feet of limestone at the base followed by 
about a thousand feet of shales, the whole being capped by a 
resistant sandstone of Siluric age. These strata tilt slightly west- 
ward but they have never been disturbed by folding, faulting or 
igneous activity (see figure 35). 


ST LAWRENCE VALLEY PROVINCE 


The St Lawrence valley, lying along the northern boundary of 
the State, is a great, open depression of comparatively simple struc- 
ture and near sea level. Where the river leaves Lake Ontario; the 
elevation is only 247 feet, while points with elevations more than 
a few hundred feet seldom occur within the province. As shown 
on the accompanying map (plate 9), low hills are common over 
the valley floor. The Thousand Islands form a remarkable physio- — 
graphic feature of the province, where the wide, slow-moving St — 
Lawrence river does not occupy any very distinct channel, but 
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u on the east side. Whetstone gulf is a fine example of numerous 
rges cut through the steep plateau front. Scale, about 1 mile to the inch. 
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The Thousand Islands region in the vicinity of Alexandria Bay. The 
broad river, dotted with islands, does not here occupy a distinct stream 
channel in the usual sense of the term. A removal of the water would show 
that the topography of the river bottom is in no way essentially different 
from that of the country just south of Alexandria Bay. From Alexandria 
U.S. G. S.) quadrangle. Scale, abo > inc 
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rather flows across a broad, low, hilly region of very moderate 
relief thus allowing the low rocky hills to stand out as islands. 
The rocks are chiefly sandstones and limestones of Cambric and 
Ordovicic ages, though, in the vicinity of the Thousand Islands 
numerous patches of the underlying Precambric (Adirondack) 
rocks are exposed as on many of the islands themselves. Folds, 
faults and igneous rock are not present except in the Precambric 
rocks, and the strata may be regarded as a comparatively thin 
mantle of nearly horizontal layers overlying the Precambric rocks. 


CHAMPLAIN VALLEY PROVINCE 


The Champlain valley bounds the Adirondacks on the east and 
the province should be regarded as a great depression separating the 
Adirondacks on the west from the Green mountains on the east. 
Much of the valley bottom is filled by the waters of Lake Cham- 
plain (elevation 101 feet). Along the western shores of the lake 
the topography is characteristically hilly, though seldom above 500 
feet in elevation. The transition to the higher and rugged Adiron- 
dacks is generally rapid. 

The rocks occupying the valley bottom are sandstones, limestones 
and shales of Cambric and Ordovicic ages. These formations are 
much disturbed by numerous faults, often of considerable magni- 
tude, and in fact there is good reason to think that the whole 
Champlain valley is of the nature of a great fault-trough or 
depression. 

HUDSON VALLEY PROVINCE 


General description. Looked upon in a broad way, the Hudson 
valley province is a depression lying between the western high- 
lands of New England and the eastern highlands of New York. 
Well toward the south the true valley feature is somewhat inter- 
fered with by the presence of such elevated masses as Shawangunk 
mountain and the Highlands-of-the-Hudson. A very detailed 
classification of topographic features would call for four or five 
provinces instead of the one here called the Hudson valley province. 
Since even this southern part, however, is lowland compared with 
the Catskill mountains immediately westward and since the rock 
structures are so similar and characteristic throughout the region, 
though the kinds of rocks vary considerably, it seems best for our 
purpose to treat all together as the Hudson valley province and 
then very briefly describe each of the minor subdivisions of the 
province. 
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The foundation rocks of the whole province comprise various: 
formations of Precambric, Cambric, and Ordovicic ages, while in, 
a few places mere surface layers of Siluric, Devonic, and’ Mesozoic, 
strata occur (see geologic map, figure 1). All the rocks, except 
these few younger surface layers, are highly folded, which consti-, 
tutes the most characteristic structural feature of the whole prov-. 
ince. In fact, as is hereafter shown (see chapter 4), there are here) 
exposed the roots or remnants of a portion of the great and very 
ancient Taconic mountain range which at one time occupied this) 
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Fic. 8 Section from southwest to northeast through Albany county and 
showing the Taconic folds near the Hudson. . 
Fic. 9 Section from northwest to southeast across Ulster county and 
passing through Slide mountain and Highland village. Taconic and Appa- 
lachian folds both sides, as well as the structure of Shawangunk mountain. — 
Fic. 10 More detailed section through cement district at Whiteport, Ulster 
county. Both Taconic and Appalachian folds are well exhibited. 
These sections all modified after Darton, N. Y. State Mus. Rep't 47, 1804, pp. 430, 400, 532 


region. Thus from the geologic standpoint, the term Taconic 
province would be appropriate. All along the border of the prov- 
ince, as well as throughout the Hudson Highlands, the rocks are 
rather severely metamorphosed. ; 

Highlands-of-the-Hudson. The Hudson Highlands extend 
across the Hudson valley in a northeast-southwest direction, and 
cover southern Orange county and northern Rockland county, 
and the region from southern Dutchess southward across Putnam — 
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A portion of the West Point (U. S. G. S.) contour map, illustrating the 
A phy of the Highlands of the Hudson. The river here flows through 
-a deep, narrow gorge which has been cut through the northeast-southwest 
of very hard Precambric rock. The sides of the gorge rise abruptly 

the river to heights of 1200 or 1400 feet, while the rock bottom of the 
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and into Westchester county. The relief is rather rugged with the 
higher points commonly reaching altitudes of over 1000 feet. The 
rocks are chiefly granites and gneisses of Precambric age, and are 
in most ways much like those of the Adirondacks. 

Region north of the Highlands. North of the Highlands the 
rocks are in the main highly metamorphosed shales, sandstones and 
limestones, and the relief is generally low except along the eastern 
border where it is almost mountainous. A characteristic feature 
along this eastern side is the presence of long, fairly high, nearly 
north-south ridges separated by comparatively narrow valleys. 

Shawangunk mountain. Lying close to the southeastern border 
of the Catskills and extending northeastward from the State line 
in Orange county well into Ulster county, is a distinct mountain 
ridge known as Shawangunk mountain. This long, narrow moun- 
tain rises 1000 feet or more above the surrounding country, and 
with the deep narrow Rondout valley immediately on its west side 
and the broad, open Wallkill valley on the east, it is truly a re- 
markable topographic form. The capping of very hard Siluric 
conglomerate upon the soft Ordovicic shales has caused the ridge 
to stand out so boldly against erosion (see figure 9 and plate 28). 

Region south of the Highlands. Southern Rockland county is 
covered by Mesozoic (Triassic) sandstone. This rock is not folded 
but contains within its mass great sheets of lava which outcrop to 
form the Palisades along and west of the Hudson (see figure 20). 

In southern Westchester county and in New York county there 
are highly folded and metamorphosed Precambric and Ordovicic 
rocks, and the country is typically hilly. 


LONG ISLAND PROVINCE 


This province, including Staten Island, is really a part of the 
broad Atlantic coastal plain and is therefore practically devoid of 
any hard rock formations at the surface. Except for a few ex- 
posures of Cretacic sands and gravels along the northern border, 
the whole province is made up of glacial sands and gravels. From 
‘the standpoint of surface relief the province is clearly divisible into 
two parts, a northern and a southern, which are sharply separated 
from each other (see plate 12). The northern part is character- 
istically hilly, the hills being of glacial (morainic) origin. The 
‘maximum elevation is less than 400 feet, while in general the hills 
‘are from 100 to 200 feet high. This line of hills ends abruptly 
about midway of the island (north-south) and the southern part of 

province is a sand plain of remarkable smoothness with a gentle 
toward the ocean. 
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DRAINAGE | 

Considered as a great watershed, New York State takes rank as 
one of the most noteworthy in the United States. The waters of 
the State, except for a little in the southeast, enter the sea at five’ 
widely separated places, namely, Gulf of St Lawrence, New York 
bay, Delaware bay, Chesapeake bay, and the Gulf of Mexico, 
through the five well-known rivers, namely, St Lawrence, Hudson 
Delaware, Susquehanna, and Mississippi (through the Alleghen 
and Ohio rivers). 

Mohawk-Hudson basin. The principal stream of this, the largest ss 
drainage basin of the State, is the Hudson river which is especiall 
noteworthy in two ways, first because it is by far the largest stream 
whose course is wholly within the borders of the State, and second 
because soon after emerging from the Adirondacks (near Glens, 
Falls), its course, for nearly 200 miles to its mouth, is remarkably : 
straight in spite of the fact that it traverses the principal stru 2 
tural lines of a highly folded and disturbed region. Its areal 
anomalous, deep, narrow, granite-walled channel across the High-| 
lands of the Hudson (see plate 10) will be explained in chapter 6. 
The chief tributary and essential part of the Hudson, the Moha k. 
river, has its headwaters in the very center of the State and reaches) 
the Hudson after flowing eastward for more than 100 miles. t 

The drainage of the southern Adirondacks, even as far north) 
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son river. Except for very minor contributions from the edge of 
New England and New Jersey, the whole river system derives its 
water from within the boundaries of the State. 


tains. All the larger streams, which are of very moderate size 
flow northwestward in remarkably parallel courses until, emergi ig 
upon the floor of the St Lawrence valley, they swing around t 
northeasterly courses and generally flow for a good many miles 
parallel to the great river itself before entering it. This latter 
phenomenon is, no doubt, to ibe explained on the basis of top 0- 
graphic changes due to the great Ice age. The largest and longest 
stream in the basin is the Raquette river which, after a devic as 
course of more than 100 miles, including passage through two OF 
three large lakes, enters the St Lawrence at the northern State 
boundary. 

Ontario basin. All the streams of this basin enter Lake Ontar 
and pursue courses that, if continued, would tend to converge at 4 
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A portion of the Islip (U. S. G. S.) quadrangle showing typical Long 
Island topography. Note the distinct hills (of glacial morainic origin) on 
the north, the perfect plain only very slightly stream-dissected and with 
very gentle seaward slope, and the long beach (built by wave action) in- 

ing the shallow bay with its many swampy islands. Scale, about 2 miles 
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point in the lake basin. Thus the streams in the western portion 
of this drainage basin flow north to northeastward, northward in 
: the middle portion, and westward to northwestward in the eastern 
portion. Three rivers should be mentioned: the Genesee, with 
its source in the highlands of Pennsylvania, flows northward across 
the entire southwestern plateau; the Oswego, toward the middle of 
the basin, takes one arm (Seneca river) from the west to drain the 
large Finger lakes and another arm from the east to drain Oneida 
lake and part of the Tug Hill plateau ; Black river drains the extreme 
eastern portion of the basin, and a number of prominent tributaries 
flow southwestward from well within the Adirondacks to join the 
main stream in the great Black river valley. 

Susquehanna basin. All the waters of the Susquehanna river 
are derived from the Southwestern plateau. The main stream 
(within New York) flows southwestward and together with its 
numerous large tributaries drains much of the eastern portion of 
the plateau region, especially in Otsego county. A number of the 
tributaries rise on the very crest of the Helderberg escarpment and 
within a few miles of the Mohawk river. The Mohawk river is 
fully a thousand feet below the crest of the escarpment, and its 
course is at right angles to that of Susquehanna tributaries. 

The Chemung is the principal tributary from the northwest and 
drains a good portion of the south-central plateau. 

Other drainage basins. The Champlain basin comprises the 
‘eastern border of the Adirondacks, including some of the highest 
and most rugged of those mountains. Nearly all the streams are 
short and most of them descend eastward very rapidly into Lake 
Champlain. 

The Delaware, by means of its upper waters, drains the western 
and southern Catskills and the main stream, after flowing south- 
eastward along the State line between New York and Pennsylvania, 
from Delaware county to Orange county, suddenly swings south- 
westward to pass through the famous Delaware water gap in the 
Kitatinny range. 

The Allegheny river sends out a number of small branching arms 
to drain the extreme southwestern portion of the Southwestern 
plateau. Chautauqua lake (elevation 1338 feet) which lies at the 
very western edge of the plateau and close to Lake Erie, has its 
outlet into the Allegheny. 

The Erie basin contains no river of much consequence, the small 
streams all flowing westward or northwestward across the narrow 
Erie plain and into Lake Erie or the Niagara river. Nearly all 
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these streams rise along the western edge of the Southwestern 
plateau. 

In quantity very little of the water of the State enters the Long 
Island sound basin, a few small streams north of the sound together 
with the numerous but very small streams of Long Island com- 
prising the whole supply. 

The Passaic basin is. mostly confined to New Jersey, with a few 
small streams having sources in Rockland and Orange counties. 


Chapter 3 
PRECAMBRIC HISTORY 


THE GRENVILLE FORMATION 


In the Adirondack mountains, and also probably in the Highlands- 
_of-the-Hudson, we have the earliest known records of the physical 
history of New York State. These records are written in a series 
of rocks named the Grénville, so called from a town in Canada 

where the rocks were first well known. The Grenville is of in- 
terest, not only because it is the most ancient rock formation so far 
discovered in New York, but also because it takes rank among the 
very oldest rock formations of the earth. 

Until about fifteen or twenty years ago the real significance of the 
Grenville and its closely associated rocks in the Adirondacks was 
not recognized, but now many of the leading events of that very 
early history are established. As in human history, so in earth 
history, the earliest records are the most obscure and difficult to 
read and, in the one as in the other, it is easy to pass from con- 
clusions properly based upon facts to mere speculations. Many 
problems regarding the Precambric history of our State yet remain 
to be solved, but in these pages it is rather the purpose to describe 
only those historical events which have been well established. 

The Grenville consists of a great series of marine water-laid rocks 
which are clearly older than the Paleozoic because these latter rest 
upon the Grenville in many places. As will be shown below, the 
Grenville strata have been so profoundly changed from their origi- 
nal condition that certain of the highly sedimentary features have 
been obliterated. Thus the absence of water-worn particles and 
fossil shells, both of which are so characteristic of sedimentary de- 
posits, is due to complete crystallization (metamorphism) of the 
Grenville strata since their formation. Nevertheless we have cer- 
tain proofs of the sedimentary origin of the Grenville. The fact 
that these rocks commonly occur in alternating layers, which stand 
out in sharp contrast because of marked difference in composition 
and color, furnishes strong evidence that this distinct banded effect 
is due to differences in original sedimentation. A great mass of 
igneous rock is generally characterized by homogeneity throughout ; 

a mass of typical sediments, on the other hand, is arranged in dis- 
tinct layers, such as shale, sandstone, or limestone which show fre- 
quent differences in composition. In the Grenville, especially of 
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the northwestern and southeastern Adirondacks, there are extensive 
beds of crystalline limestone, such as the Gouverneur marble of St 
Lawrence county. Such rocks could not have been of igneous 
origin. In many places, and sometimes in sharp contact with the 


limestone, are beds of almost pure quartz rock, which are certainly 7 


not igneous but which represent original sandstone layers. Again, 
there are very extensive deposits throughout the Adirondacks of 
generally darker colored rocks rich in such minerals as quartz, feld- 
spar, garnet, mica, pyroxene, and amphibole. These rocks, because 
of their constant close association with the strata just described as 
well as their banded structure, are also clearly ancient sediments. — 
The composition of these latter rocks shows that the original sedi- 
ments were muds, often with sand or lime. Another argument in 
support of the sedimentary character of the Grenville is the presence 
of flakes of graphite (plumbago) which are so commonly dis- — 
seminated throughout the formation. In some places the strata are 
so filled with graphite that the mineral is mined, as in Essex and 
Saratoga counties. Carbon existing under such conditions is prob- 
ably of organic origin and represents the final stage in the decom- 
position of organisms which lived in the waters while the Grenville 
strata were being deposited. The occurrence of so much garnet is 
also at least highly suggestive because this mineral is especially 
common in crystallized sediments in many parts of the world. 

Having established the sedimentary origin of the oldest known 
formation in New York State, we are led to the interesting and 
important conclusion that this Grenville formation is not the oldest 
which ever existed in the State. The Grenville sediments must have 
been deposited, layer upon layer, upon a surface of still older rocks. 
A knowledge of the character and composition of such Pregrenville 
rocks would be of very great interest, but thus far we have no 
positive evidence that stich rocks are visible in the Adirondacks, 
although certain rocks still of somewhat doubtful age and origin 
may belong to that very ancient rock floor. Again, the fact that 
Grenville sediments were being deposited under water carries with 
it the corollary that there must have been land somewhere at no 
great distance from the area of deposition because then, as now, 
such sediments as muds and sands could have been derived only 
from the erosion or wearing away of land and have been deposited 
in great sheets one above the other, under water adjacent to the 
land mass. Here, too, we are as yet utterly in the dark so far as 
any knowledge of the location or character of that very ancient land 
is concerned, 


Plate 13 


An outcrop of typical Grenville (Precambric) limestone showing the folded 
or contorted and streaked character of the rock. View taken 14 miles 


southeast of Johnsburg, Warren county. 
W. J. Miller, photo 
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| DISTRIBUTION, THICKNESS AND AGE OF THE GRENVILLE 


The Grenville is associated with rocks of younger age in the 
Adirondack region, so that the formation 1s not present as a single, 
continuous mass of surface rock covering the whole area. It is, 
however, so abundant and widespread in great and small areas 
throughout the Adirondack province that we may confidently assert 
that this whole district was under water during Grenville time. As 
the geologic structure strongly suggests and as certain deep wells 
prove, rocks of this age must extend, under cover of the later 
Paleozoic sediments, for a considerable distance beyond the Adiron- 
dack area. Precambric rocks have long been recognized in the 
Highlands district of the lower Hudson and recent work makes it 
practically certain that strata of Grenville age exist there. Pre- 
cambric (doubtless including Grenville) occurs along the western 
border of New England and it should also be mentioned that Gren- 
ville strata are extensive over much of southeastern Canada. Pres- 
ence of Grenville strata in southwestern New York is somewhat 
doubtful because, if there, they are effectually concealed under the 
heavy cover of Paleozoic strata. The positive existence of Gren- 
ville, however, just to the north in Canada and in northern and 
southeastern New York, makes it more than likely that the Gren- 
ville underlies the Paleozoic rocks of western New York also. Such 
a widespread distribution of the Grenville sediments shows that 
deposition went on in a very large body of water; large enough, in 
fact, to be called an ocean. Thus, bearing in mind all the facts, we 
are led to the important conclusion that, during Grenville time, all 
of northern and eastern and probably southwestern New York was 
under the sea. In other words, the most ancient known geographic 
condition in New York was a great expanse of ocean water cover- 
ing most, if not all, of the State. 

As the rocks are badly disturbed and folded, and as the top or 
bottom of the formation has never been recognized as such, it is 
impossible to give anything like an exact figure for the thickness of 
the Grenville rocks. Continwous successions of strata have been 
observed in enough places, however, to make it certain that Gren- 
ville strata were piled, one layer upon another, to a thickness of 
many thousands of feet. This clearly implies that the Grenville 
ocean existed for a vast length of time which must be measured 
by no less than a few million years, because in the light of all our 
knowledge regarding the rate of deposition of sediments, such a 
very long time was necessary for the accumulation of so thick a 
mass of rocks. It does not necessarily follow that the Grenville 
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ocean was thousands of feet deep when the deposition began, be- 
cause there may well have been a gradual subsidence of the sea floor 
during the process of sedimentation, which means that there was 
not necessarily very deep water at any time. In fact, the very 
character of the sediments clearly indicates that the Grenville ocean 
was, for most part at least, of shallow water, for such sediments as 
sands and muds have rarely if ever been carried far out into an 
ocean of deep water. The great ocean abysses of today are not re- 
ceiving any appreciable amount of land-derived sediments. Hence 
it is practically certain that the very ancient Grenville sea bottom 
gradually settled as the sediments accumulated. Similar phenomena 
are definitely known to have occurred in many later basins of 
deposition. 

The reader may naturally be disposed to ask, How long ago did 
the Grenville ocean exist? There are grave difficulties in the way 
of answering this question in terms of years, as we have nothing 
like an exact standard of this kind for comparison. While it is fully 
recognized that not even approximate figures can be given, a very 
conservative statement would ascribe an age of twenty to twenty- 
five million years to the Grenville strata. Whatever its exact dura- 
tion may have been, the time is utterly inconceivable to us, and the 
important thing to bear in mind is that the great events of earth 
history which have transpired since that time require a lapse of 
many million years as shown by the enormous accumulations of 
sediments in many parts of the earth, and by the building up and 
wearing away of one great mountain range after another. The 
reader will better appreciate the significance of these statements 
after he has studied the following pages. In the table of geological 
time divisions given in chapter 1, the two oldest periods are the 
Archean and Algonkian respectively. The Grenville can not with 
certainty, as yet, be placed in either of these periods, although ac- 
cording to the best evidence it should be classed with the Archean. 
In the meantime it is advisable to refer to all formations older than 
the Paleozoic simply as Precambric. 


LIFE IN THE GRENVILLE OCEAN 


All that can be said regarding the life of the Grenville ocean is 
that it existed as indicated by the presence of the graphite. Al- 
though we can not even state whether the organisms were plant or 
animal, the fact that there was life in that very ancient ocean is a 
matter of no little significance. Anthracite coal, which is chemically 
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very similar to graphite, occurs in the Carbonic strata of Pennsyl- 
~ vania, and is derived from plants through the process of carboni- 
zation. Graphitic anthracite of like origin occurs in a smaller way in 
_ Rhode Island. Hence it seems likely that the graphite of the Gren- 
ville represents the remains of plants, probably of the seaweed type 
since there is much evidence against the view that any of the higher 
land plants existed at that very early time. This by no means proves 
the absence of animals from the Grenville ocean, because animals 
with only soft parts would have left no record, while calcareous or 
silicious shells would doubtless have been recrystallized by the 
severe processes of metamorphism to which these rocks have been 
subjected. 


EARLY PRECAMBRIC IGNEOUS ACTIVITY 


After the accumulation of the Grenville sediments, igneous activity, 
took place on a large scale, when great masses of molten rock were 
pushed or intruded into the sediments from below. Several differ- 
ent times of igneous activity have been definitely recognized and the 
general effect of the great invasions of molten rocks was to break 
the Grenville up into patches. In many cases considerable masses 
of Grenville were pushed aside or displaced by the molten masses 
while, to a greater or less extent, there may have been an actual 
melting in or assimilation of Grenville rocks by the molten intru- 
sions. As we have already learned, igneous rocks are those which 
have cooled from a molten condition, and of these there are two 
important types, called respectively, plutonic and volcanic. Both 
of these types of igneous rocks are found in the Adirondacks, but 
the plutonics are by far the more prominently developed. 

So far as we know, the first great intrusion of molten rock in the 
Adirondacks is represented by the present large area of so-called 
anorthosite in Essex and Franklin counties. This is a very 
coarse-grained, plutonic rock of bluish gray color when fresh and 
consists chiefly of a feldspar (labradorite). The intrusion was 
practically confined to a single area comprising about 1200 square 
miles. That this rock is younger than the Grenville is demonstrated 
by the fact that tongues of the anorthosite have been observed cut- 
ting through the Grenville (see figure 12). This intrusion differs 
from the later intrusions in that it was practically a single great mass 
which broke its way through the Grenville in but one place in the 
whole Adirondack region. In a few cases small patches of Gren- 
- ville were caught in the molten flood and may now be seen within 
the anorthosité mass. For the most part, however, the molten rocks 
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either completely pushed aside the Grenville or melted it into itself, 
the former being the more likely. Many of the highest points within 
the Adirondacks, like Mt Marcy, are in this anorthosite area. 4 
The next clearly recorded event, after the anorthosite intrusion, 
was very widespread igneous activity when the rocks of the granite- 
syenite series, now so well known in the Adirondacks, were forced © 
upward into the Grenville sediments. To be precise, there were at 
least two or three periods of intrusions of such rocks, the oldest 
probably being represented by the so-called Laurentian granite of 7 
the Thousand Islands region. For our purpose it will suffice to re- © 
gard these as having all been intruded at about the same time, since 
the sum total of effects is much the same as though there had been 
but a single period of activity. Granite is a plutonic, igneous rock 
which consists essentially of ‘quartz and feldspar (orthoclase), 
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Fic. 12 Generalized section showing the relations of the most common 
Precambric (Adirondack) rocks to each other and how their relative ages 
are determined. 


together with more or less black mica, hornblende, or augite. Syenite 
is the same except that quartz is much less prominent or lacking. 
The fresh rock is of a greenish gray or pinkish gray color, while 
on weathered surfaces the color is usualiy light brown, Many of 
the highest mountains outside the anorthosite area are of granite or 
syenite. 

The present distribution of these rocks shows that the molten 
masses broke into the Grenville in very irregular fashion, sometimes 
pushing the Grenville aside; sometimes enveloping great or small 
masses within the molten flood; or, in other cases, apparently leay- 
ing large Grenville masses intact. All portions of the Adirondacks 
felt the force of the intrusions and a detailed geologic map of the 
region would show a decided patchwork effect (see figure 13) due 
to the irregular manner in which the Grenville has been cut up by 
the igneous rocks. These igneous rocks are generally easily distin- 
guished from the old sediments because of their homogeneity in 


Plate 14 


Upper figure. Typical outcrop of Adirondack Grenville gneiss, showing 
distinct stratification and tilted beds. Three-quarters of a mile north-northeast 
of Batchellerville, Saratoga county. 


From N. Y. State Mus. Bul. 153, pl. 1 


Lower figure. Typical outcrop of Adirondack syenite (igneous rock) at 


Harrisville, Lewis county. 
Fron N. Y. State Geol. Rep’t 1897, faeing >. $470 


Plate 15 


en 


A ledge of Precambric rock near Loon lake in the northern Adirondacks, 
: showing the very ancient Grenville gneiss in sharp contact with syenite. 
The light and dark banded rock on the right is Grenville and the hammer 


is on the contact. 
From N. Y. State Mus. Bul. 5, pl. 3 


— 


THE GEOLOGICAL HISTORY OF NEW YORK STATE | 35 


large masses and lack of sharply defined bands of varying composi- 
tion. 

That these granite-syenite rocks are younger than the anorthosite 
is demonstrated by the fact that tongues of the former have 
been observed to cut the latter (see figure 12). Since the granite 
and syenite now visible in the Adirondacks are plutonic rocks, they 
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Fic. 13 ° Geologic and topographic sketch map of the southeastern portion 
of the North Creek sheet (Warren county), showing the surface relations 
of the common Precambric rocks in the southeastern Adirondacks. Con- 
tour interval roo feet. Horizontally lined areas = syenite or granite; blank 
areas — chiefly Grenville; small heavy black lines are faults. .The faults 
here shown are minor ones which do not follow the NE-SW trend of the 
major faults of the eastern Adirondacks. The so-called “ patch-work” 
effect is well shown. Note how the more resistant rocks form the moun- 
tains which rise above the general level of the Grenville. (CW. J. M.) 


could not have reached the surface by intrusion, as such rocks can 
be formed only by slow cooling under great pressure thousands of 
feet below the earth’s surface. They now appear at the surface be- 
cause of vast removal, by erosion, of the overlying original 
materials. 
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It should be stated that this period of igneous activity is by no 
means confined to the Adirondacks. Similar intrusions are known 
in the Highlands-of-the-Hudson and in Canada. The covering of 
Paleozoic strata in southwestern New York prevents direct observa- 
tion, but all things considered, it is more than likely that much or 
all of that part of the State, stripped of the Paleozoics, would also 
show Grenville cut up by granite and syenite. 


FOLDING OF THE ROCKS AND UPLIFT OF THE ADIRONDACKS 


At some time after these great periods of igneous activity and cool- 
ing of the rocks, the whole Adirondack region was subjected to an 
enormous pressure as a result of which the rocks were highly folded 
and compressed. The Grenville strata now seldom lie horizontally 
but are tilted at all sorts of angles, and even the igneous rocks thus 
far described, show unmistakable evidence of having been greatly 
compressed because the minerals are flattened out or arranged in 
parallel fashion, often exhibiting a crude, banded structure. Rocks 
which have thus been changed are known as gneisses and may be 
either igneous or sedimentary. 

“Still later than the granites and syenites, there occurred intrusions 
of gabbros in the form of dikes or fissures filled with igneous rock. 
This gabbro is a very dark gray, rather coarse-grained, plutonic 
rock, and it has been found in numerous small masses throughout 
the Adirondacks, but especially in the eastern portion. Its age, 
younger than the granite-syenite series, is demonstrated by the fact 
that it often breaks through those rocks, and also because it is not 
nearly so much metamorphosed. 

The Grenville sediments were completely crystallized as a result 
of this metamorphism so that all beds of limestone were converted 
into marble, sandstone into quartzite, and the shales into gneisses of 
varying character. Thus the Grenville strata have been very greatly 
altered from their original condition, which explains why they do 
not look like the more typical and familiar sediments of later age. 
The manner in which the Grenville strata, especially the limestones, 
were crumbled and folded shows that the rocks must have been in a 
more or less plastic condition when the pressure was exerted (see 
plate 13). Heat and moisture, no doubt, aided in this process 


which we call metamorphism. Such a process can take place only’ 


at thousands of feet below the surface of the earth where the rocks, 
under the enormous weight of overlying material, would act like 
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plastic masses when subjected to any great lateral pressure within 
the earth. 

Rocks at the surface of the earth, subjected to the same laterai 
pressure, would be broken or fractured instead of bent or folded. 
It is not the present purpose to discuss the origin of such pressure 
within the earth, but suffice it to say that it is somehow due to the 
shrinkage of the interior portion of the earth, and the tendency of 
the exterior (or crust) to accommodate itself to the shrinking in- 
terior, thus producing lateral thrust (pressure) in this exterior 
portion. 

We are now ready to discuss the first known uplift of the whole 
Adirondack region above sea level, or what we may call the 
birth of the first known Adirondack mountains. As we have just 
learned, the very character and structure of the rocks now exposed 
in the region, show conclusively that they were at one time deeply 
buried under thousands of feet of overlying materials, and the 
inference is perfectly plain that those materials must have been 
removed by erosion. Extensive erosion of any land mass means 
that the land must be above sea level and thus we come to the 
important conclusion that the great mass of Grenville sediments 
were upraised well above sea level. Just when the great uplift oc- 
curred can not be positively stated, but if it was not during, or after 
the igneous intrusions, it must have been shortly before them. It is 
quite reasonable to believe that the same great force which caused a 
welling up of so much liquid rock might easily have caused a decided 
uplift of the whole region. Again, it is quite plausible that there 
may have been no great uplift until the development of the lateral 
pressure which caused the metamorphism of the rocks. Still another 
view is that a lateral pressure, once started, first caused a welling up, 
at different times, of igneous rock and then, after the cessation of 
the igneous activity, the same force continued to compress, fold 
and metamorphose the rocks. Whatever the actual history may 
have been, it is at least true that the sum total of all effects, as we 
now observe them, harmonizes well with the view last expressed. 
The intense folding and tilting of the strata show that the amount 
of uplift must have been very considerable as is the case in all typi- 
cal mountain ranges. We can not, however, even state the approxi- 
mate height of those very ancient Adirondack mountains. The fact 


1 Professor Adams of McGill University, Montreal, has recently proved 
experimentally that rocks, under great pressure, flow like plastic matter. 
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Plate 17 


. cen 


y called the “ Potash Kettle,” 


The upper view is of Potash mountain, locall 
three miles north of Luzerne, Warren county. It is a remarkable feature 
of the landscape, the almost isolated mountain towering 1100 feet above the 
surrounding valleys. The rock is Precambric granite. 

The lower view shows several dark lava (diabase) dikes cutting gray 
syenite three-fourths of a mile northwest of Northville, Fulton county. 
Roth rocks are of Precambric age. Photos by W. J. Miller 
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that many thousands of feet of materials have been removed by 
erosion in order to expose the present rocks to view does not neces- 
sarily imply that the mountains at any time had so great a height be- 
cause it is possible that, while elevation slowly progressed, material 
was steadily removed by the process of erosion. All our knowledge 
regarding later and better known mountains, however, leaves little 
doubt that those first Adirondacks were mountains vastly higher 
than those of today. 

The same sort of uplift and succeeding profound erosion also 
affected the present region of the Hudson Highlands (see figure 
14) and, this being the case, we can state with confidence that 
much, if not all, of northern and eastern New York was in- 
volved in this mountain-making process. For western New York 
the physical geography of this time has not been determined because 
all that region is so deeply buried under the Paleozoic strata. 


LATE PRECAMBRIC HISTORY 

The fact that such a great thickness of rock was removed by ero- 
sion implies a vast length of time for the accomplishment of that 
work. According to all that we know regarding the rates of erosion 
of mountains of the present atid past, the erosion of the Adiron- 
dacks must have extended over a period of at least several mil- 
lion years. When we consider that, at the opening of Upper Cam- 
bric time, most of the region had been worn down to the condition 
of a peneplain (see page 42), we are confident that no small 
amount of the erosion was accomplished even before the opening 
of the Paleozoic era, and that it continued well into the early Paleo- 
zoic. The whole problem of this later erosion and its effects will be 
treated in the next chapter. 

Well toward the end of Precambric time, igneous activity of a 
minor character took place in the formation of dikes which, as we 
have learned, are fissures in the crust of the earth which have been 
filled with molten rock. In the Adirondack region there are sev- 
eral kinds of dike rocks, the most common being pegmatite and dia- 
base. Pegmatite is a very coarse-grained, light colored rock of gen- 
eral granitic composition, the feldspar and quartz crystals often at- 
taining lengths of several inches to a foot. Diabase is a fine-grained 
rock much like ordinary basaltic lava. These dikes are generally 
less than a mile long and comparatively narrow. That they are 
younger than the other igneous rocks of the region is abundantly 
proved by the fact that they cut through those rocks in many places 
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(see plate 17 and figure 12). That these dike rocks were intruded 
after the great pressure and uplift of the region is shown by the 
total absence of metamorphism or alteration of any kind along their 
contact lines. The fine-grained texture of these rocks, often with 
borders of glass, shows that they must have cooled close to the sur- 
face, and hence it is evident that most of the Precambric erosion of 
the region had been accomplished before the diabases were erupted. 
Such rocks suggest that there may have been volcanic activity at the 
surface but no positive proof for such activity can be given because, 
if such volcanic material ever existed, every trace of it has been re- 
moved by erosion. The diabases have been observed to cut the 


pegmatites and hence they are not only the younger of the two, but 


they must take rank as the youngest Precambric rocks in the State. 
In the Adirondacks the pegmatites are very widely distributed and 
common, while the diabases are most abundant in the northeast, 
less so in the northwest and southeast, and nearly absent from the 
southwest. 


— 


Chapter 4 
PALEOZOIC HISTORY 
CAMBRIC PERIOD 


In the preceding chapter we have seen that after the first known 
great Adirondack uplift the whole region, including the district of 
the Highlands-of-the-Hudson, was profoundly. affected by erosion, 
and that this erosion began before the Paleozoic age and extended 
well into the early part of that era. Now the question may be fairly 
asked, What became of the sediments which were derived from the 
wearing down of the land during that vast length of time? 
We must admit that, in our present state of knowledge, we can not 
be certain as to what became of the Prepaleozoic sediments. They 
may have washed westward or southwestward into waters which 
might possibly have existed there; or they may have been carried 
northward or northwestward into Canada to help build up late Pre- 
cambric deposits there; or they may have moved eastward toward 
or into the Atlantic basin. The question of the disposition of the 
early Paleozoic sediments, however, can be much more satisfactorily 
answered. Early and Middle Cambric deposits are extensively de- 
veloped in the New England states and along the eastern border of 
New York State, including the Hudson Highlands region. Thus 
we have positive proof for the presence of the early and Mid- 
dle Cambric sea over this region, and it is equally evident that much 
of this sediment which deposited in the sea was derived from the 
adjacent land masses in northern and eastern New York. 

It was not until the opening of the Upper Cambric (Potsdam 
time) that any considerable portion of New York State was 
occupied by Paleozoic sea water. The fact that all the Cambric 
strata, including Lower, Middle, and Upper, are present in the New 
England country and along the eastern border of New York, while 
only the Upper Cambric is present in northern New York, clearly 
shows that the Cambric sea encroached upon the State from the 
east toward the west. To be more exact, it was probably from the 
northeast, because the greatest thickness of Upper Cambric strata 
is in Clinton county along the northeastern side of the Adirondacks. 

The first deposit to form in the Cambric sea of northern New 
York was the Potsdam sandstone and the presence of this forma- 
tion in the St Lawrence, Champlain, and lower Mohawk valleys 
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proves that. the Potsdam sea occupied all these regions. Along the 
southwestern border of the Adirondacks the Potsdam is absent and 
there is not the slightest evidence that it ever was present, so that 
region must have been dry land in Potsdam time. In the south- 
eastern Adirondacks the Potsdam sea certainly extended in as far 
as Wells (southern Hamilton county) and North River (north- 
western Warren county), because small outlying masses of Pots- 
dam sandstone occur at those places. These outlying masses were 
formerly connected with the larger areas but have become com- 
pletely separated from them by extensive (Postpaleozoic) erosion 
and downfaulting. There is no evidence whatever that the sea 
covered the heart of the Adirondacks. To summarize for northern 
New York, we may say that the Potsdam (Upper Cambric) sea 
covered the whole region except the central and southwestern 
Adirondacks which stood out as a great island in the midst of that 
ocean, Southeastern New York certainly, and the middle eastern 
border of the State probably, were covered by the Upper Cambric 
sea, but whether that sea extended over the rest of the State has 
not been determined because all early Paleozoic strata, if present, 
are now deeply buried. 

What do we know about the character of the topography of the 
land over which that ancient Potsdam sea spread? As a result of 
the very long erosion during late Precambric and early Paleozoic, 
thousands of feet of material had been removed so that rocks which 
had been so deeply buried were exposed at the surface, and thé 
whole country must have been well worn down. Was the region 
worn down to the condition of a peneplain? Recent detailed studies 
on all sides of the Adirondacks furnish a very satisfactory answer 
to this question. In many places the Potsdam has been seen in 
actual contact with the Precambric rock whose surface oftentimes 
clearly proves that the whole region had reached a peneplain con- 
dition. Along the northeastern Adirondacks this peneplain was 
considerably rougher than along the northwestern and southwestern 
portions. This is explained by the fact that the northeastern area 
subsided first and consequently was not subject to wear quite so 
long as the latter named areas. 

The accompanying figure (no. 15) affords an interesting example 
of the kind of peneplain topography here considered. It demon-— 
strates that occasional low knobs of more resistant rock (for ex- 
ample, Grenville quartzite) protruded above the otherwise nearly 
featureless plain, because when the Potsdam sea overspread the 


Plate 18 


WYNKOOP HALLENBECK CRAWFORD \ 


The Grand Flume of Ausable chasm, Clinton county. The rock is 
Potsdam sandstone in horizontal layers and the gorge is postglacial. 
From N. Y. State Mus. Bul. 19, pl. 22 
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region such low knobs were not covered by the water. At this 
same locality there is a fime exhibition of. coarse conglomerate 
at the base of the Potsdam sandstone, the boulders of the con- 
glomerate often ranging from one to three feet across. These 
boulders were torn off the Adirondack cliffs by the waves of the 
Potsdam sea and were deposited near shore in local depressions. of 
the old rock surface. The sandstone itself everywhere abounds in 
ripple marks, thus proving the shallow water (near shore) origin 
of the rock. All the rock in the walls of the famous Ausable Chasm 
(Clinton county) is Potsdam sandstone (plate 18). 

Immediately overlying the Potsdam and showing about the same 
areal distribution, are alternating sandstones and limestone beds 
(Theresa formation) which show a thickness of from 50 to 200 
feet. After still greater subsidence, the important formation known 
as the Little Falls dolomite (limestone) was deposited, layer upon 


GRENWViLttLeE, POTSDAM, 
SCALE: Hori zONTAL MME 4 vyerTicar .>4e reer _, 


Fic, 15 Section passing through North Galway in Saratoga co. and show- 
ing how the Cambrie (Potsdam and Theresa) strata overlap upon a hillock 
of Precambric rock. This knob of Precambric rock stood above the general 
level of the peneplain (early Paleozoic) and was not submerged under the 
Potsdam sea. 

After W. J. Miller, N. Y. State Mus. Bul 153, p. 5 


layer, in the Upper Cambric sea. This formation which is hard, 
compact and of light gray color, shows a thickness of several hun- 
dred feet in the gorge at Little Falls. It rests directly upon the 
Precambric rock there (see figure 7), which shows that the Cam- 
bric sea spread over that region for the first time when that dolo- 
mite was forming. The Little Falls sea swept all around the Adi- 
rondacks, except what is now the western border from Trenton 
Falls to the Thousand islands district. Occurrence of the dolomite 
in small outlying masses at Wells (Hamilton county) and Schroon 
Lake (Essex county) proves that the Little Falls sea extended well 
into the eastern Adirondacks. Rocks of this age appear to be pres- 
ent in southeastern New York and if so, the Little Falls. sea also 
overspread that region. Direct evidence for western and southern 
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New York is wholly lacking, but judging by the occurrence in cen- 
tral Pennsylvania of rocks of the same age as the Little Falls 
dolomite, it is highly probable that the Little Falls sea also covered 
western and southern New York. 

The Little Falls dolomite is especially significant in two ways; 
first, because it is the youngest (uppermost) Cambric formation in 
the State, and second, there is a distinct unconformity at its summit. 
By unconformity here we mean that, after the deposition of the 
dolomite, at least all of northern New York was raised (without 
folding or faulting) above sea level and underwent erosion for a- 
moderate length of time after which most of the region again set- 
tled below sea level to receive the deposits of later (Ordovicic) age. 
This old eroded surface and unconformity has been well established, 
and hence we learn that the great Cambric period of the early 
Paleozoic era closed with all of northern New York, at least, well 
above sea level. In southeastern New York, so far as known, the 
Cambric strata appear to grade into the Ordovicie and if so, that 
region was not raised above sea level at the close of the Cambric. 
We are-wholly ignorant as to the physical geography of western 
and southern New York at the close of the Cambric because the 
records there are not accessible, as they are deeply buried. 


ORDOVICIC PERIOD 


We are now ready to consider the physical condition of the State 
during the great Ordovicic period of earth history. During this 
time the Appalachian mountain region, the great Mississippi valley, 
and much of the far western region were almost continually under 
water (see figure 16). In fact, the very widespread distribution of 
thick Ordovicic strata shows that more of North America was 
covered by the Ordovicic sea than by any other sea, with the pos- 
sible exception of the Precambric. Among the more prominent 
lands which persisted above water were Appalachia, a great land 
mass occupying what is now the Atlantic sea board and extending 
an unknown distance into the Atlantic, and another large land area 
in the Hudson Bay region of Canada. Sediments from those lands 
were washed into the Ordovicic sea which, for most part at least, 
covered the State during the entire period. In eastern and south- 
eastern New York, the almost unbroken succession of Ordovicie’ 
strata shows that the sea was much of the time present there 
during the entire period. The prominent development of Ordovicic 
strata west and south of New York makes it practically certain 
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that the western and southern portions of the State were submerged 
under the Ordovicic sea. In northern New York, however, there 
is no positive evidence whatever that the whole Adirondack area 
was ever completely submerged during this period. Accordingly 
the central Adirondacks formed a persistent island in the Ordovicic 
sea. Furthermore, in northern New York there were various rather 


Fic. 16 Generalized map of North America showing the relations of land 
and water during the Midordovicic period. Horizontally lined areas = land; 
blank areas—water. All of New York State was submerged except 
the central Adirondacks which stood out as an island. The conditions in 
Mexico and Central America are practically unknown. 


local oscillations of level bringing the land around the island now 
above and now below sea level, but all such details are here omitted. 
For our purpose it will suffice to say that, except for the Adirondack 
island, northern New York was mostly below sea level during the 
Ordovicic. To summarize the above statement: New York State 
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was comupletely submerged under the Ordovicic sea except for the 
Adirondack island and altermating land and water conditions wm- 
mediately arownd that island. : 
Without going mato the details of the formations, it is important 
to note that the earlier Ordovicic deposits were almost wholly lime- 
stones, while the later deposits were nearly all shales amd sand- 
stones. Thus in southeastern New York the thick Wappinger lime- 
stone is overlain by the still thicker Hudson River shales and sand- 
stones. In northern New York we have the Beekmantown, Chazy, 


Black ‘River, amd Trentom limestones overlain by the Trenton 


(Canajoharie), Utica, and Frankfort shales and sandstones. It 
should not be understood, however, that all the formations named 
are present in unbroken succession, because the oscillations of level 
(above mentioned) occasioned certain interruptions in sedimentation. 

The predominance of limestone formation in the earlier Ordovicic 
sea of New York proves that the waters of that time were com- 
paratively free from land-derived sediments and this, in turn, is 
best accounted for not by great depth of water and distance from 
land, but rather by the fact that all the nearest land areas were 
comparatively low and small, and hence were not undergoing very 
active erosion. During the later Ordovicic the adjacent lands were 
considerably higher and no doubt larger, so that vigorous erosion 
resulted and muds and sands were largely washed into the sea. 

The aggregate thickmess of Ordovicic strata in New York is be- 
tween 2000 and: 3000 feet. It should not be inferred from this fact 
that the Ordovicie sea was ever two or three thousand feet deep. 
Even the limestones. abundantly show by ripple marks, mud cracks, 
fossils etc. that they were laid down in shallow sea water. The very 
character of the materials (old muds and sands) in the Upper 
Ordovicic formations shows that they could not have been deposited 
in deep ocean water. Such sediments are not now forming on the 
deep sea bottom. But how are these statements to be harmonized 
with the fact that nearly 3000 feet of Ordovicic strata exist in 
New York? During the whole period (with certain exceptions 
above noted) the land gradually subsided and in this slow down- 
ward movement stratum after stratum was formed upon the sinking 
sea-floor, so that at no time is it mecessary to assume great depth 
of water. In general, the Ordovicic sea of North America must 
be thought of as a vast shallow (continental) sea which spread 
over most of the slowly subsiding continent. There were no ocean 
abysses at all comparable to those of the present ocean. 
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Falls over Canajoharie (Trenton) black shale south of Canajoharie, Mont- 
gomery county. 


Trem N. Y. St<te Mvs. Bul. 19, pl. 35 
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In the strata of Cambric age in New York, animal or plant re- 
mains are comparatively rare, while the Ordovicic rocks throughout 
fairly teem with fossils. If any single formation deserves special 
mention, it is the Trenton limestone which is exceedingly rich in 
fossils. The type locality, at Trenton Falls, is justly famous as a 
collecting place for Ordovicic fossils. Among plants, mone above 
very simple seaweeds or algae are known ‘to have existed. Among 
animals, hundreds of species have been described as occurring im 
the Ordovicic strata of New York. These species represent all the 
more important subkingdoms and classes of animals below the verte- 
brates. Especially prominent are: corals, graptolites, star-fishes, 
brachiopods, gastropods and trilobites. All the onganisms men- 
tioned lived in the salt water, and if land life forms existed we 
know practically nothing about them. It must be borne in mind 
that not a single species of that time is known ‘to live today, so 
complete have been the evolutionary changes since the Ordowiicic 
age. Certain remarkable classes of animals like the graptolites and 
trilobites, which often fairly swarmed im the Ordovicic sea, have 
been wholly extinct for millions of years. 


TACONIC MOUNTAIN REVOLUTION (CLOSE OF THE 
ORDOVICIC) 

We are now ready to discuss the second well-known mountain- 
making epoch which affected New York State. We have learned 
that sedimentation along the middle eastern border and south- 
eastern parts of the State was practically uninterrupted during all 
the Cambric and Ordovicic periods, and that some thousands of 
feet of strata had accumulated. At the same time extensive sedi- 
mentation was taking place in the seas which covered all the regions 
of the present Berkshire hills, Green and White mountains, as well 
as southward, at least as far as Virginia, over the region occupied 
by the present Piedmont plateau. At or toward the close of the 
Ordovicic period a great compresswe force in the earth’s crust was 
brought to bear upon the mass of sediments which reached from 
north of New England to Virginia, or possibly farther southward. 
As a result of this compression the strata were tilted, highly folded, 
and elevated far above sea level into a magnificent mountain range 
known as the Taconic mountains. In structure, fhe range consisted 
of a series of rock folds, both great and small, whose axes were 
parallel to the main axis of the range, that is north-northeast by 
south-southwest. Examination of figures 14 and 20 will give the 
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reader a good conception of the character of the folding. It is 
quite the rule throughout this region of Taconic disturbance to find 
the strata either on edge or making high angles with the plane of 
the horizon. Many times the folds were actually overturned, and 
at times notable thrust faults or fractures’ were developed, that is, 
the strata sometimes broke across and one great mass was pushed 
over another, as is well shown in many places in southeastern New 
York. These facts all go to indicate that the mountain-making 
compressive force applied to the region was of the extreme type, 
and though we have no way of telling just how high the range may 
have been, nevertheless the structural features and the vast amount 
of erosion since the folds were produced clearly indicate that the: 
uplift was at least several thousand feet. The Green mountains, 
White mountains, Berkshire hills, Highlands-of-the-Hudson, and 
the Piedmont plateau are ina sense remnants of the great Taconic 
range. 

In passing westward from the main axis of the Taconic range, 
the folding becomes less and less intense and finally dies out alto- 
gether. This fact is well illustrated by figures 6, 8,and 9. Along 
the Hudson river near Albany, the strata are fairly well folded, 
while a few miles westward the folds disappear. Passing eastward 
from Albany into Rensselaer county, one enters a region of exces- 
sive folding. In passing westward from Poughkeepsie, the in- 
tensity of the folding diminishes somewhat, but the shale forma- 
tion is distinctly folded where it passes under the main mass of the 
Catskill mountains. Figure 6 clearly illustrates this fact. 

How do we know that the Taconic disturbance occurred toward 
the close of the Ordovicic period? Another inspection of figure 6 
will show that the strata of the next succeeding period (Siluric) 
rest directly upon the eroded edges of the folds of late Ordovicice 
rocks (see plate 25). Hence it is obvious that the disturbance oc- 
curred before the Siluric strata were deposited. What was the 
condition of the rest of the State just after the Taconic disturbance? 
In central New York, near Utica, a distinct eroded surface at the 
summit of the Ordovician shales proves that region to have been 
dry land toward the end of the period. On the north side of the 
Adirondacks and in the Champlain valley no formation younger 
than Ordovicic shale occurs, and all evidence points to uplift of» 
that area into dry land toward the close of the period. Data are 
not obtainable for western New York. To summarize: Practically 
all. of northern-central, eastern, and southeastern New York (im- 


1 See figures 23 and 24 for explanation of faults. 


9¢ “4 ‘GT TING “snp 9y%4g °K “N Moy 
UOHNOADT IUOSBT, 9Y} FO out} oY} Je poonpord sem pyoy siyy, *<yuN0d 
roUs9tt) Ul Ysve19 []PJs}VD FO jred IMO] oy} Suoje souojspues pur soyeys (SISIAOPIQ)) IOATI uOspnET 


*OD GYOIMVYD MOISNITIVH dOOMNAM 


€z 23eI1g 


oY} Ul ploy 


]jetus 


Vv 


THE GEOLOGICAL HISTORY OF NEW YORK STATE 49 


cluding the great Taconic mountains) was dry land toward the 
close of the Ordovicic period, while the physical geography of 
western New York for that time is not certainly known. 

It should be noted in passing that the rocks of the Highlands-of- 
the-Hudson were, for a second time, clearly involved in mountain- 
making disturbances. The structural features of the Taconic moun- 
tains are finely exhibited in southeastern New York from Pough- 
keepsie to New York City, where one literally passes across the 
roots of the former great range. The distinct northeast-southwest 
trend of the topographic relief in this part of the State is due to the 
fact that the relief is still largely controlled by the Taconic folds 
and faults. The Hudson river has cut a deep channel across these 
structure lines, and along its banks excellent opportunity is afforded 
for the study of the rocks, folds, faults etc. 

Another feature which must not be overlooked is the profound 
metamorphism of the strata along the main axis of the range. The 
very intense compression, under very high moist heat, caused the 
deeply buried strata along the main axis of uplift to become rather 
plastic, and hence the sediments became more or less foliated and 
erystallized into the various metamorphic rock types, the limestone 
becoming marble, the shale beconting slate or schist, and the sand- 
stone becoming quartzite. Thus we have extensive marble quarries 
in southern Vermont, the slate in the quarries of Washington 
county, New York, and the Berkshire schist in the Berkshire hills 
of Massachusetts. In passing down the Hudson river from King- 
ston to New York City, the several stages in the metamorphism of 
the Ordovicie slate formation are finely illustrated. Thus, from 
Kingston to near Poughkeepsie the strata are distinctly folded but 
not metamorphosed; from Poughkeepsie to the Highlands, the 
strata are highly folded and partially metamorphosed, the shale lay- 
ers nearly always having been changed to slate, while the associated 
and more resistant sandstone layers have escaped change; from 
the Highlands to New York City the rocks have been highly folded 
and metamorphosed, both shale and sandstone having been con- 
verted into schist locally called the Manhattan schist. For example, 
the rocks exposed in Central Park are Manhattan schists which are 
believed to have been originally Hudson River shales and sandstones 
which have become thoroughly crystallized by intense meta- 
morphism,* 


* Professor Berkey has recently suggested the possibility that the Man- 
- hattan schist may be Precambric in age; if so, the latter part of this state- 
_ ment does not apply. 
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Accompanying the Taconic disturbance and possibly aiding the 
metamorphism were minor molten rock intrusions in the form of 
dikes. These dikes break through late Ordovicic strata and hence 
can not be older than late Ordovicic. A fine example of one of 
these dikes on Manisattan island is shown in plate 24. 

The great compressive force which folded and upraised the 
Taconic mountains did not accomplish its work suddenly. The 
force was slowly and irresistibly applied and the mass of strata 
was gradually bulged and bent, or fractured if near the surface, the 
amount of time required for the whole operation being perhaps 
very long but beyond estimate. Such a length of time is, however, | 
so short compared with all known geologic history that we are 
accustomed to refer to the formation of such a mountaim range as 
simply an event of earth history. 

From these statements“we see that, even before the range had 
attained its maximum height above sea level, a very considerable — 
amount of erosion must have taken place. When the very first 
fold appeared above the ocean level, erosion began its work and 
‘continued with increasing vigor as the mountain masses got higher 
and higher. Thus we have the warfare between two great natural 
processes — the building up and the tearing down. So long as the 
building up process predominated, the mountain range increased in 
elevation, and we say the range was in its period of youth. When 
the opposing forces were about equally balanced, the range tended 
to remain at a constant elevation and we say the mountains wére 
in the period of maturity. When the tearing down (erosive) 
process was predominant, we speak of the range as having been an 
old age. When the mountains have been completely worn down 
close to sea level (peneplain) we speak of the death of the range. 

Here is an example of one of the remarkable procedures of 
nature. After millions of years of work by the deposition of 
thousands of feet of strata, layer upon layer on an ocean bottom, 
a great compressive force is brought to bear and a magnificent 
mountain range is literally born out of the ocean. No sooner is, 
this great mountain range well formed than the destructive | 
processes unceasingly destroy this marvelous work. But the sedt- 
ments derived from the wear of this range are carried into the 
nearest ocean again to accumulate and after long ages to be raised 
up into another range; and so the process is often repeated. Ree 
this we learn that the mountain ranges of the earth are 
means all of the same age. The Adirondacks are older than 
Taconics, and these older than the Appalachians ; the latter, ee 
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being older than the Sierras and the Coast ranges. Much of the 
| material makimg wp the mass of the Catskill mountains was derived 

from the wear of the Taconic mountains, deposited in the sea just 
to their west and later raised high above sea level. 


SILURIC PERIOD 


The close of the Ordovicic age or the opening of the Siluric 
found practically all the State above sea level and undergoing 
erosion. Along fhe eastern side the great Taconic range stood out 
| prominently, but over the rest of the State we have no evidence 
that the land was very high. The central portion of the Adiron- 
dack region probably stood out somewhat more prominently than 
the western region. 

As shown on the geologic map (figure 1), the Siluric strata out- 
crops in a comparatively narrow belt which runs along the western 

side of the Hudson valley to the Helderberg hills, southwest of 
Albany, where it swings sharply around westward to follow the 
south side of the Mohawk valley, and thence as a somewhat wider 
belt along the south side of Lake Ontario. These Siluric strata 
everywhere dip under the Devonic' (surface) rocks of the Catskill 
and Southwestern plateau provinces. This fact, combined with the 
knowledge that the strata are largely of widespread marine origin 
and also outcrop abundantly in central Pennsylvania, makes it 
practically certain that the Siluric rocks underlie all of the Catskill 
and southwestern plateau regions. Thus we must conclude that at 
least during much of Siluric time all of New York State south of 
Lake Ontario and the Mohawk valley and west of the Hudson river, 
was covered by sea water. That the earliest Siluric sea did not 
spread over the area is proved by the absence of the very earliest 
known Siluric deposits. Furthermore, we know that the sea 
transgressed upon fhe State from the south or west, the Taconic 
range forming an effective barrier on the east and total absence of 
Siluric strata in the St Lawrence and Champlain valleys (as well 
as in Canada just north of the State) precluding encroachment of 
the sea from the north. 

This encroachment of the sea over so much of the State was due 
to a gradual sinking of the land. That central and western New 
York was submerged before the Hudson valley region is proved 
as follows: In central New York (south of Utica) the first deposit 
to form upon the eroded surface of the Ordovicic shales was the 

_ Oneida conglomerate which passes westward into the Medina sand- 
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stone. In southeastern New York (for example, the Shawangunk 
mountain) the first Siluric deposit to be laid down upon the eroded 
Ordovicic shales was the Shawangunk conglomerate. This latter 
formation, as determined by its fossils, belongs with the Salina divi- 
sion and is therefore much younger than the Oneida conglomerate 
which belongs with the Medina division (see table in chapter 1). 
Also the whole of the Clinton and Niagara formations, which are 
so well developed in central and western New York, were never 
formed in eastern or southeastern New York. Thus the Siluric sea, 
due to subsidence of the land, overspread central and western New 
York long before it reached the Hudson valley region. In fact it — 
was not until late in the period that the sea encroached upon the ~ 
Hudson valley area, and then it did not occupy all that area because 
the shore of the Siluric sea extended only as far east as the western 
slope of the Taconics. ‘Western New York, during the late Siluric, 
was a more or less cut off basin or arm of the sea in which the salt — 
beds were deposited. 

How much, if any, of the Adirondack region was covered by the 
Siluric sea? The total absence of any formation later than the 
Ordovicic shales around the northern Adirondacks and across the 
line in Canada strongly suggests that this region was upraised 
toward the close of the Ordovicie period, perhaps at the same time ~ 
as the Taconic revolution, and continued as dry land not only 
during the Siluric but also during all the ages up to the present, 
except for a very brief local submergence during the Quaternary 
(see figure 34). In the southern Adirondack area the case is some- 
what different. The outcrops of Siluric strata beneath the steep 
front-of the Devonic Helderberg escarpment immediately south of 
the Adirondacks, makes it certain that these strata and the Siluric 
sea formerly extended farther north. The difficulty comes in trying 
to decide how far northward these rocks once extended, because 
there is now not a single scrap of Siluric rocks north of the 
Mohawk river, though the cap rock (Oswego sandstone) of the 
Tug Hill plateau is probably of Siluric age. All we can say is 
that the Silurian sea probably overspread the southern border of 
the Adirondacks and that the sediments which were deposited there 
have since been removed by erosion. To summarize: During the 
early Siluric the sca had spread over only central and western New 
York, while during the late Siluric it had extended over practically 
all the State west and south of the Adirondack region. 

The strata of Siluric age were deposited sheet upon sheet in the 
usual manner upon the sea bottom. For our purpose we may con- 
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sider that sedimentation was uninterrupted, though as a matter of 
fact there were certainly minor oscillations of level which inter- 
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Fic. 17 Geologic and topographic-map and structure sections of the vicin- 
ity of Clinton (Oneida county) showing the surface distribution and under- 
ground relations of the various rock formations from the Upper Ordovicic 
to the Lower Devonic inclusive. Note the simple nonfolded and nonfaulted 
structure, and the gentle southwesterly dip (tilt) of the formations. A simi- 
lar simple structure characterizes the formations of the whole southwestern 
plateau province. Vertical scale of the sections four times exaggerated. 

Geology by W. J. Miller 


fered with the deposition of sediments and produced slight uncon- 
formities. These minor interruptions have not yet been.carefully 
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were washed into the shallow sea irom the northem lands, that is = 


‘creased and some new ones made their first appearance. 
-graptoltes and trilobites greatly dimmished, while the 
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studied and hence need not be considered here. The dotal thickne: 
of Siluric strata along the lime of outcrop in the Siate vanes coag 
siderably. In central and western New York the thickness is get 
erally from 1000 to 1500 feet, while m sontheasterm New York 
is much less since only the thinned upper fonmations are present. 
The first Siluric sediments to fomm m central and western Nev 
York are called the Oneida conglomerate and Medma sandstone 


these two bemg of practically fhe same age. These coarse deposit: 


Canada and the Adirendack region. Next in order came the deposits 
oi Clinton age, which consist of layers ei shale, sandstone and 1r0 
ote. Above the Clinton come the Lockport and Guelph fonmation: 
made up of shales and dolomitic limestone, the limestone forme th 
crest of Niagara Falls. None of the formations, so far f rie : 
extend to the Hudson vaHey, but with the openmg of the great Sz 
epoch Siluric deposits for the first time reached to the Hudson y 
region where the earliest rock to fonm was the Skawangunk c 
glomerate which rests upon the ereded Ondovicic shales at the 5 
nit of Shawangouak moustain. Ths: zak 3: catinly : 
southeastern New York, while recks of the same age mm central an 
western New York are shales and limestones. In this latter regio: 
fhe lowermost (oldest) Salina formation is the Vernon ted shale. 
usually irom 4eo fo 300 fect thick, which, in the westerm part « 
the State, is overlain by the sat and gypsum beds. Deep wells have 
proved the presence of the salt beds under practically all the Sout 
western plateau. The salt was deposited in great salt lagoons and 
the climate of the time must have been anid. Wath am aofiex 
fresh water inio the lagoons, the type of ip eee 
hydraulic limestone (water lime) beds were formed all the = 
across the State to the Hudson walley zegion. These water 1 > 
beds are quarried at meaty Hanes eae te See ee a 
the State, but more especially m the iamons Rose 
region (see plate 33). Next in order, and marking the summit 0 
the Siluric, come the Cobleskill, Rondout, and Manhius & : 
which, though not very thick, are Temarkably a 
State. 

As to the life of the Silnric seas it may be said that it is in ef 
the continued existence of the same organic groups that fp 
in the waters of Ordovicic time, though some dimimished, sc 


eed 
7 


(star fishes) increased, and the brachiopods and prey” 
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Awosting falls over Shawangunk conglomerate, Peterkill, near Lake Minne- 
waska, Ulster county 
From N. Y. State Mus, Bul. 19, pl. 42 
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their own. Fossil seaweeds, but mot animal remains, are common 
in the Onetda-Medina beds. Various fossils exist in profusion in 
the Clinton and Niagara formations, while in the middle Salina 
beds fossils are altogether absent because the water of that time 
‘was intensely saline. The waterlime beds at the base amd top of 
_the Salina are usually poor im fossils except for the remarkable 
assemblage of organic remains known as eurypterids which be- 
longed to the arachnid class but are now wholly extinct. Fossils 
are generally rather common in the uppermost Siluric beds of the 
State. 


DEVONIC AND CARBONIC PERIODS 


_ The Devonic history of New York State is comparatively simple 
and the records are remarkably well shown in rocks of that age. 
Devonic strata comprise the whole Catskill and Southwestern 
; plateau provinces, except for a few small patches of Carbonic rocks, 
and thus cover more thaw one-third of the area of the State. They 
are more widespread on the surface than the rocks of any other age. 
_ The combined thickness of the Devonic strata is over 4000 feet, 
which is considerably more than for any other Paleozoic period in 
_ the State. i. ‘i 

That the Devonie strata, on the Hudson valley side, formerly 
_ extended some miles farther eastward than they now do is proved 
_ by the presence of small outliers of Devonic rock, for example, 
; Becraft mountain just southeast of Hudson, the Rensselaer grit 
farther north and the Skunnemunk mountain southwest of New- 
burgh. During part of the time the Devonic sea, or arms of it, 
reached as far east as these outlying masses and doubtless far be- 
yond over the regions of Massachusetts and the Connecticut valley. 
The bold outcropping edges of thick Devonic strata facing the Mo- 
hawk valley and, in the Helderberg escarpment, the Ontario plain, 
make it certain that the strata formerly extended some distance 
farther northward. It is more than likely that this northward ex- 
tension of Devonic rocks was not beyond the southern border of 
the Adirondacks; at least we have no positive knowledge that the 
Devonic sea ever covered any of northern New York (see figure 
18). 

i There was no disturhance of any kind at the close of the Siluric, 
so that period passed very quietly into the Devonic. The Oriskany 
sandstone was for many years regarded as the base of the Devonic 
now, as a result of a careful study of the fossils, the line be- 


Siluric and Devonic is drawn just below the Helderberg lime- . 
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stone. As is the case with the Siluric, the rock formations are 
piled one upon another like great sheets and all show a gentle 
southward dip (see figures 3 and 5). Beginning at the bottom, the 
Helderberg limestone was succeeded in regular order by the Oris- 
kany sandstone, Onondaga limestone, Marcellus and Hamilton 


Fic. 18 Generalized map of North America in the Devonic period, show- 
ing the relations of land and water. Horizontal lined areas—=land; blank 
areas — water. Only the northern and extreme southeastern portions of the 
New York State area were land. The western shore of Appalachia was far- 
ther west than during the Ordovicic, due to the addition of the Taconic 
mountain area 


shales, all of which were deposited over the whole Devonic basin 
in New York. Above these come the Tully limestone and Genesee 
shale which extend from east-central to western New York. Still 
higher, and forming the summit of the Devonic, are the Portage 
shales and sandstones and the Chemung (or Catskill) sandstones 
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Cliff of Lower Devonic (Coeymans) limestone near Indian Ladder, Albany - 
: county 
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. Y. State Mus. Bul. 19, pl. 70 
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which extend from the Catskill mountains to western New 
iy York. 
Except for the comparatively thin Tully formation, the limestone 
is confined to the Lower Devonic and the lower part is not more 
than a few hundred feet thick. Thus the great bulk of Devonic 
rock lies above this limestone and consists of shales and sandstones 
' piled layer upon layer. These latter rocks are clearly land-derived 
sediments which were washed into the Devonic sea by streams from 
the Taconics and also probably from land areas which are known 
to have existed to the north in Canada. ‘ 

The Devonic strata, from oldest to youngest, abound in the fossils 
of marine organisms, and some fossil land plants have also been 
found. Looked upon in a broad way, Devonic life was much like 
that of the Siluric, though certain fundamental differences are to 
be noted. Thus the Devonic furnishes the first really authentic evi- 
dence of the existence of land plants. Such plants as ferns, lyco- 
pods (club mosses), and equisetae (horse tails) grew to be large 
treelike forms and in considerable profusion. Remains of these 
have been found in the Devonic strata in New York. All of them 
belonged to the very simple, nonflowering plants and were closely 
related to the plants of the next succeeding Carbonic (coal) period. 
Among the fossil animals especially abundant in the Devonic rocks 
of the State are: sponges, corals, echinoderms (star fishes), brachi- 
opods, mollusks (including the bivalves, gastropods, and cephalo- 
pods), and arthropods (including trilobites and eurypterids). The 
graptolites became extinct during the early Devonic. One of the 
remarkable features of the life was the great abundance and variety 
of fishes, so that this period is commonly referred to as the ‘ Age 
of Fishes.” From the zoological standpoint all the fishes were of 


absent. Devonic fish remains in considerable numbers have been 
found in the State. 

_ Carbonic strata are only very sparingly represented in New York, 
there being a few small outlying masses in the southwestern portion 
} of the State (Cattaraugus and Allegany counties). Immediately 
‘southward, in Pennsylvania, Carbonic strata are developed on a 
great scale so we can be certain that the Carbonic sea spread over 
‘the southern border of New York State. It is quite possible that 


evidence, due to absence of strata, is lacking. 
The Permic is the last great period of the Paleozoic era, but 
ks of that age are nowhere present in New York State. 


simple types, the true bony skeletons of modern fishes being entirely - 


this sea extended over most of southern New York, but positive. 
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APPALACHIAN MOUNTAIN REVOLUTION, (CLOSE OF THz 
PALEOZOIC) 


The Paleozoic era was brought to a close by one of the most pro- _ 
found. physical disturbances im the history of North America. It has 
been called the Appalachian revolution because at this time the Ap- 
palachian mountain range was borm out of the sea by upheaval amd 
folding of the strata. Because of the direct effect of this great — 
upheaval upon the history of New York State, a brief description 
is given. 

All through the vast time (probably ten million years) of the 
Paleozoic era, a great land mass existed along what is mow the 
eastern coast of North America. This land, which has. been called 
Appalachia, had its western boundary approximately along the 
present coast line; while it must have extended eastward at least 
as far as the present border of the contimental shelf. Concerning the _ 
altitude and character of the topography of Appalachia. we: know 
almost nothing, but we do know that it consisted of metamorphic 
rock of Precambric age, and very similar to: that of the Adirondacks. 
The tremendous. amount of derived sediments shows that Asppala- 
chia was high enough during nearly all its. history to undergo 
vigorous erosion. Although oscillations of level more tham likely 
affected Appalachia, and: its western shore line was quite certainly 
somewhat shifted at various tines, mevertheless it persisted as a 
great land-mass with approximately the same position during all 
its long history. Its general na is well shown on the map, 
figure 16. 

Barring certain minor patency of level, all the regiom just 
west ‘of Appalachia was occupied by sea water during the whole 
Paleozoic era, and sediments derived from the erosion of Appala- 
chia were laid down layer upom layer upon that sea bottom. The 
coarsest and greatest thickness of sediments was deposited nearest 
the land, that is along what we might call the marginal sea bottom. 
At the same time finer sediments, in thinmer sheets, were being 
deposited all over the Mississippi valley region. By actual measure-— 
ment, in the present Appalachians, we know that the maximum 
. thickness of these sediments was at least 25,000 feet. These are 
all of comparatively shallow water origin, as proved. by the coarse- 
ness of sediment, ripple marks, fossil coral reefs ete., and so we 
are forced to conclude that this marginal sea bottom gradually Sank 
during the process of sedimentation, thus producing what is called 
a great geosynclinal trough. Perhaps the very weight of accumu- 
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lating sediments caused this sinking. Finally, toward the close of 
the Paleozoic era, sinking of the marginal sea bottom and deposition 
of sediments ceased, and “eventually the trough began to yield to 
lateral commpression and its contained strata were thrown into folds 
or fractured by great overthrusts. Thus in place of a sinking sea 
bottom along the shore of the great interior sea, arose the Appala- 
chian mountains, which in their youth may have been a very lofty 
range rivalling the Alps mm height. This range extends from the 
mouth of the St Lawrence river to Alabama.’ As a result of this 
great physical revolution practically all of eastern North America 
was raised well above sea level, though the more moderately ele- 
_ vated Mississippi valley region was unaccompanied by folding or 
faulting of the strata. 
| The effect of the Appalachian revolution upon New York State 
is of fundamental importance because the whole State, except 
probably a small area near the mouth of the present Hudson river, 
was raised well above the sea, and true marine conditions never 
again prevailed over any part of its area except the extreme south- 
eastern portion.2 Judging by the vast amount of erosion which 
took place during the succeeding-Mesozoic era, we are safe in our 
belief that the general elevation of the State at the close of the 
Paleozoic was at least several thousand feet above sea level. It is 
also important to note that this great uplift in New York was 
_ accomplished without any folding of the strata except along the 
_ Hudson valley. The gentle southward to southwestward tilt (dip) 
of the Paleozoic strata, however, is thought to have been produced 
at this time due to somewhat greater uplift on the north. 
Along the western side of the Hudson valley, folds produced at 
the time of the Appalachian revolution are plainly visible, though 
the folding of the rocks here was much less violent than in the 
Appalachians proper. As a matter of fact these folds are but 
continuations of those of eastern Pennsylvania, but the compres- 
Sive force in southeastern New York was too weak to cause much 
disturbance. Professor Davis has aptly styled these, “ Little 
mountains east of the Catskills.” By far the most conspicuous 
physiographic feature of this folded region is the Shawangunk 
‘mountain (ridge) which stands out very prominently and whose 


* Scott’s Introduction to Geology, second edition, p. 647. 

* The influx of tide waters along the eastern and northern borders of the 
S in the Quaternary period presents no exception to this statement 
because the conditions then were esturaine rather than marine. 
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very existence is due to the fact that, as a result of the folding and 
subsequent erosion, the great sheet of hard and resistant conglom- 
erate has been left as a protective cap over the soft Hudson river 
(Ordovicic) shales (see figure 19). In the Rosendale cement 
region the effects of the folding are also evident (see figure 10 and | 
plate 33). The folds in the Siluric and Devonic strata of Skunne- 
munk mountain were also produced at this time. Of course the 
whole lower Hudson valley was subjected to this mild compressive 
force but, since all the rocks older than the Siluric were already 
so greatly disturbed, it is often impossible to see the effects of the | 
Appalachian disturbance. Thus we see that mountain-building 
forces have affected the rocks of the Highlands-of-the-Hudson at } 
least three times (Precambric, Taconic revolution, and Appalachian 
revolution) ; Cambric and Ordovicic strata of the lower Hudson 
valley twice (Taconic and Appalachian revolutions); and the 
Siluric and Devonic strata but once (Appalachian revolution). 
The extensive faulting or fracturing of the eastern Adirondack | 
and Mohawk valley regions is a matter of no small importance in |} 
our discussion of the physical history of the State, because the} 
present major topographic features of those regions are largely | 
dependent upon the faulting. It is generally believed that much} 
of this faulting occurred toward the close of the Paleozoic era, and} 
most likely at the time of the Appalachian revolution, but since 
considerable faulting certainly occurred later than that time, it is} 
thought best to discuss this whole subject toward the close of the} 
-next chapter. 
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Fic. 19 The main body of the mountain consists of a great thickness of folded Ordovicic (Hudson River) shales and sandstones 
which are capped by a comparatively thin, but very resistant layer of Shawangunk conglomerate. 


iy . 
sre sr neapes itary shaun ananeninn phamaahnnimnApyenee rerrtnitare wre stonernnlenmes oan adais teats 


MABOOSR 


1” SPtind 


ate 


IATMUOM HMUOMAWAHe | 


“andy Wald 60 @3 Tau aie 
Y ote rhe . 


WOtAAO HA Jes ee? 


' airy 
' J f i 


, BGI Hires 
us [cok eunnth Ce eee ' 
Sele asin Sgplaceas ae ADIT ANY 
} ; NY eh ef 
fa , , Sc IAT YEO LR OP 
ey 


5 sesekoidt feose a toelatenoo niemnomieith tontbad sieemelT or - 
aetiee7 ose und \mide ylowiieeqence 2 yd baqqao owe doidwo 
aa * i ws BP tt _ 


Chapter 5 
MESOZOIC NEES ORY. 


TRIASSIC PERIOD 


We have observed that as a result of the Appalachian revolution 
New York State was raised well above sea level and this was its 
condition at the opening of the Triassic period. The total absence 
of any Triassic strata of marine origin makes it quite certain that 

the continent extended farther eastward than it does today and if 

so, the old Paleozoic land mass called Appalachia still existed, 
though probably much diminished in height by this time. The 
absence of marine rocks, however, does not mean that no deposition 
of Triassic sediments occurred within the borders of the State, 
because a remarkable series of nonmarine strata which were ac- 
cumulated along the Atlantic slope are, in part, shown in south- 
eastern New York (Rockland county and Staten island). 

These nonmarine strata are of Upper Triassic age, as told by the 
fossils, and their present distribution and mode of occurrence clearly 
show that they were deposited in a series of long troughlike de- 
pressions whose trend was parallel to that of the main axis of the 
Appalachian range. These troughs lay between the Appalachians 

proper and old Appalachia. The latter also was now partly made 
up of the greatly worn-down Taconics. The facts that these 

troughs are truly downwarps, and that they so perfectly follow the 

“trend of the Appalachian folds, make it certain that they were 
formed by a great lateral pressure which was a continuation of the 
Appalachian disturbance. Thus the Appalachian mountains: still 

seem to have been growing well into the Triassic period, and while 

the Paleozoic strata were being folded the surface of old Appala- 

chia, including part of the Taconic region, was also more or less 

warped, and the downwarps formed the troughs in which the 

Triassic beds were deposited. One of these troughs extends along 
‘the Connecticut river through Connecticut and Massachusetts; an- 
other, and the largest, reaches from Rockland county, New York, 
‘through northern New Jersey, southeastern Pennsylvania, Mary- 
land, and into northern Virginia; while several smaller ones lie in 
Virginia and North Carolina. These depressions were most favor- 
ly situated for rapid accumulation of thick deposits because of 

ir position immediately between the two great land masses which 
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were being eroded. The sediments derived from the erosion of } 
the young Appalachians were especially abundant, because of the | 
vigorous wearing down of the young mountains. A thickness of } 
thousands of feet of nonmarine rocks, mostly red sandstones and } 
shales, was finally accumulated in these basins, and is known as the } 
Newark series. The great thickness of these rocks, from 10,000 to } 
even possibly 15,000 feet, strongly argues for a gradual downwarp- | 
ing of the basins as deposition of sediments went on. It is often } 
stated that these strata were formed in estuaries, but at least in the } 
northern area, from the Connecticut valley to Maryland, many of } 
the layers show sun cracks, rain-drop pits, ripple marks, and re- } 
mains and footprints of land reptiles. These features show that | 
for the most part the beds were formed in very shallow water such | 
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Fic. 20 Detailed section running west-northwest through Pelhamville, / 
Yonkers amd the Palisades in southeastern New York, showing the intense | 
folding of Taconic age, the granite dikes, and the relation of the Palisade © 
lava to the other formations. Fg—Fordham fineiss (Precambric); Pq—= 
Poughquag quartzite (Cambric); Sd=Stockbridge dolomite (Cambro- 
Ordovicic) ; Hs—=Hudson schist (Ordovicic); Yg—Yonkers gneiss; Gr ~ 
=egranite dike; Ns Newark sandstone (Jura-Trias) ; Pd — Palisade dia- 
base or lava (Triassic). 

Modified from New York City folio, U.S. G. S. 


as flood plains or lakes where changing conditions frequently — 
allowed the surface layers to lie exposed to the sun. 

During the time of the formation of the Newark beds there was 
considerable igneous activity as shown by the occurrence of sheets 
of igneous rocks within the mass of sediments. In some cases true 
lava flows, with cindery tops, were poured out on the surface and 
then became buried under later sediments, while in other cases the — 
sheets of molten rock were forced up either between the strata or 
obliquely through ‘them, thus proving their intrusive character. As 
a result of subsequent erosion, these lava intrusions often stand 
out conspicuously as topographic features. Perhaps the most note- 
worthy of these is the great igneous rock sheet, part of which out- 
crops to form the famous Palisades of the Hudson and which out- 
crops altogether for a distance of seventy miles. As shown in 
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‘figure 20, the molten rock sheet first broke through the strata and 
then crowded its way along parallel to them. During the process 
_ of cooling there was contraction which expressed itself by breaking 
the rock mass into great, crude, vertical columns, and hence the 
origin of the name “ Palisades” (see plate 34). At the base of the 
Palisade rock, as well as on its top a little back from the edge of’ 
the cliff, the Newark sandstone outcrops. The steep cliff is due to 
the fact that the hard igneous rock is much more resistant to erosion 
and weathering than the sandstone above and below it. 

The rocks of the Newark series are nearly everywhere some- 
_what folded, tilted and extensively fractured by normal faults. Just 
"when this deformation occurred is not exactly known, but it was 
probably at the close of the Triassic period as will be shown under 
the next heading. 

_ Briefly summarized, the Triassic was a time of accumulation of 
thick deposits of red sandstone and shale of nonmarine character 
in troughlike depressions along the Atlantic slope, these deposits 
being represented in southeastern New York. During their forma- 
| tion there was considerable igneous activity when sheets of lava 
y were forced through or between the strata as is well shown in the 

case of the rock of the Palisades. 


> JURASSIC PERIOD 


| No rocks of Jurassic age occur within New York State nor asa 
“matter of fact in all eastern North America, except possibly some 
fresh-water deposits along the Potomac river of Maryland. The 
failure of such strata is readily explained by the fact that the 
_ Jurassic period was ushered in by a slight upwarping (accompanied 
by faulting and tilting of the rocks) of the Atlantic border of North 
erica so that there were no basins of deposition within the 
present eastern border of the continent. That this uplift actually 
‘occurred and that the Jurassic period in the eastern United States 
was a time of extensive erosion, is well established because the 
whole Atlantic seaboard, including the tilted and faulted Triassic 
Strata, was worn down well toward the condition of a peneplain 
and the next sediments (Cretacic) were deposited upon the eastern 
portion of that worn-down surface (see figure 22). For instance, 
on Staten island and in northern New Jersey, the Cretacic beds 

ay be seen resting directly upon the deeply eroded Triassic rocks, 
ind hence the proof is conclusive that during much if not all of the 
assic period active erosion was taking place, and this in turn 
mp ies that the Triassic beds were well. elevated in the early 
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Briefly summarized: No deposition of Jurassic strata occurred 
within the borders of New York State but instead, the region was | 
well above water and undergoing active erosion so that by the close | 
of the period this region, as well as the whole Atlantic slope, had 
been worn down to the condition of a fairly good peneplain. ) 


CRETACIC HisTORY 


The Cretacic period opened with the eastern coast line of the © 
eastern United States somewhat farther out than it now is, but | 
early in that periad there was enough subsidence, or possibly warp- 
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Fic. 21 Generalized map of North America in the Upper Cretacic period, 
showing the relations of land and water. Horizontal lined areas = land; ~ 
blank areas — water. The sea then spread over the Atlantic coastal’ plain © 
region including Long and Staten Islands of New York. During the next — 
(Teritary) period, the conditions were much the same along the Atlantic — 
and Gulf coasts, but in the west the great interior sea had disappeared. 
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ing, of the coastal lands to allow deposition of sediments over 
much of the region now known as the Atlantic Coastal plain. That 
but little downwarping of the surface was necessary in order to 
produce proper conditions for sedimentation is evident because the 
coastal lands, just prior to the Cretacic, were already low-lying as a 
' result of the long Jurassic erosion period. There was just enough 
warping of these low coastal lands to produce wide flats, flood 
plains, shallow lakes, and marshes back from the real coast line and 
in which were deposited the sediments derived from the Piedmont 
plateau and Appalachian areas. The early Cretacic deposits thus 
formed are known as the Potomac series, and consist of very 
irregular layers of sand, gravel and clay. The very irregular ar- 
rangement of these beds and their rich content of fossil land plants, 
afford conclusive evidence that the sediments were not accumulated 
under marine conditions. The Potomac series outcrops at the 
western margin of the present Coastal plain and has been traced 
from Martha’s Vineyard, through Nantucket, Long Island, Staten 
island, Northern New Jersey, and southward into Georgia. Passing 
seaward the strata dip under those of later age (see figure 22). 
On Long Island, Potomac outcrops occur only along the north- 
western border but these beds no doubt dip under the more recent 
deposits of the rest of the island. The maximum thickness of the 
Potomac series is only about 700 feet. 
Along the Atlantic coast certain deposits which should come 
between the Lower and Upper Cretacic are missing, and the Upper 
'Cretacic beds rest upon the eroded surface of the otherwise undis- 
turbed Lower Cretacic. Thus we know that there was a gentle 
upward oscillation of the land toward the end of the Lower, or 
beginning of the Upper, Cretacic, after which a moderate amount 
of erosion of the Lower Cretacic beds took place. 
Then came another gentle submergence of the coastal lands when 
' the Upper Cretacic strata were formed. The character and present 
extent of these deposits, and the fact that they are of marine origin, 
prove that this subsidence allowed a shallow sea to spread over 
practically all of what is now called the Atlantic Coastal plain in- 
cluding most of Long and Staten islands in New York. Accordingly 
we learn that, for the first time since the close of the Paleozoic, 
did truly marine conditions prevail over any portion of New York 
_ State, and also that Appalachia, the great land mass of the east, 
which had persisted through the many million years of the Paleozoic 
and most of the Mesozoic, now disappeared under the Cretacic sea. 
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The present surface distribution of the Upper Cretacic beds is 
much like that of the Lower Cretacic, and they also dip under the 
still later formations of the Coastal plain (see figure 22). The 
thickness of the Upper Cretacic is never more than a few hundred 
feet. 


Fic. 22 Diagrammatic section through the Atlantic slope, at about the 


latitude of northern New Jersey, showing the structures and relations of the — 


various physiographic provinces as they now exist. 
A to B = Folded Paleozoic strata of the Appalachian mountains, with hard 
strata standing out to form the ridges. 


B to C = Piedmont plateau consisting of highly folded and metamorphosed i 


rocks of Precambrian and early Paleozoic ages. 

C to E= Triassic strata showing tilting and faulting of the beds and 
mode of occurrence of an igneous rock sheet (D) which outcrops to form a 
low ridge. ; 

E to H — Coastal plain, consisting of comparatively thin sheets of uncon- 
solidated sediments. 

E to F = Cretacic beds (upper and lower). 

F to G= Tertiary beds. 

G to H = Quaternary beds 

H = Present coast line. 

The dotted line represents the peneplain character of the surface (except 
for the tilting) at the close of the Cretacic period. 


To summarize: The Cretacic period opened with slight subsi- 
dence of the Coastal plain region, including southeastern New York, 
to produce low-lying flats upon which the nonmarine Potomac sedi- 
ments were deposited. Then came a slight reelevation (accom- 
panied by erosion) followed by subsidence of the: Coastal plain 
region enough to allow encroachment of the shallow sea in which 
the Upper Cretaceous sediments were accumulated. 


LIFE OF THE MESOZOIC 


The life of the Mesozoic is but scantily represented within New 
York State because rocks of that age are so poorly exposed. 
Mesozoic era is commonly referred to as the “ Age of Reptiles” 
because animals of that class then reached their culmination of 
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development. During this era the great dinosaur reptiles, the largest 
land animals that every lived, stalked the western plains. Some 
-remains of smaller dinosaurs have been found in the Triassic beds 
of the Atlantic coast, one specimen lately having been discovered 
in the Newark beds along the lower Hudson. Reptilian tracks 
abound in the Newark strata. Mammals appeared in the early 
Mesozoic, but throughout the era they continued small and com- 
paratively insignificant. The first birds and true bony fishes 
(teleosts) appeared in the later Mesozoic, but they are either absent 
or not important in the Mesozoic of the middle Atlantic coast. The 
invertebrate life of the era was in general very different from that 
of the Paleozoic, few types from the latter era having persisted, 
and by the end of the Mesozoic the invertebrates took on a decidedly 
modern aspect. 

Among plants, those of the early era were still simple nonflower- 
ing kinds much like those of the Carbonic or “ Coal age,” while in 
the late Mesozoic flowering plants of very modern types, including 
many of our present forest trees, were prominently developed. The 
Cretacic beds of the Atlantic coast are rich in fossil plants. 


THE CRETACIC PENEPLAIN AND ITS UPLIFT 


During all the Mesozoic era most of the eastern portion of the 
United States was above water and undergoing erosion, so that, 
as a result of this very long period of wear, the region was reduced 
‘to the condition of a more or less perfect peneplain. It is known 
as the Cretaaic peneplain because of its best development during 
the Cretacic period. * This vast plain extended over the areas of the 
Appalachian mountains, Piedmont plateau, all New York State, 
the Berkshire hills, and the Green mountains. Its most perfect 
development was in the northern Appalachians, for example, from 
east-central Pennsylvania to Virginia, where hard and soft rocks 
alike had been so thoroughly cut down that no masses projected 
notably above the level of the low-lying plain. 

Farther northward, however, over New York and western New 
England, its development was less perfect so that certain masses of 
harder rock stood out more or less prominently above the general 
level of the plain. In the central and eastern Adirondacks many 
low mountains of very resistant igneous rock rose above the pene- 
plain surface. In a similar manner an occasional low mountain 
d out in the Berkshire Hills region, and it seems probable that 
the hard Devonic sandstones of the Catskills also rose notably above 
e peneplain, though in the latter case positive proof has not been 
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given. Thus, toward the end of the Mesozoic era all the area of 
New York State had been reduced to a vast, monotonous, feature- 
less plain (peneplain) except for the mountain masses of very 
moderate elevation in the east-central Adirondack, and possibly 
also the Catskill, regions. As Professor Berkey says: “ The con- 
tinent stood much lower than now. Portions that are now moun- 
tain tops and the crests of ridges were then constituent parts of the 
rock floor of the peneplain not much above sea level. This rock 
floor was probably thickly covered’ with alluvial deposits (flood 
plain) not very different in character from the alluvial matter of 
portions of the lower Mississippi valley of today. Upon such a 
surface the principal rivers of that time flowed, sluggishly 
meandering over alluvial sands and taking their courses toward 
the sea (the Atlantic) in large part free from influence by the 
underlying rock structure. The ridges and valleys, the hills, moun- 
tains and gorges of the present were not in existence, except poten- 
tially in the hidden differences of hardness of rock structure. Such 
conditions prevailed over a very large region, certainly all of the 
eastern portion of the United States.” ! 

In the western part of the United States the Mesozoic era was 
brought to a close by what must take rank as one of the greatest 
mountain upheavals in the history of North America. This is 
known as the Rocky Mountain revolution because the great Rocky 
Mountain system was chiefly formed at this time. At the same 
time in the eastern part of the United States the Mesozote was 
closed by an important physical disturbance though on a far less 
grand scale than that of the west. This disturbance produced an 
upwarp of the vast Cretacic peneplain with maximum uplift of from 
two to three thousand feet following the general trend of the 
Appalachians and thence through northern New York. This up- 
ward movement was unaccompanied by any renewed folding of 
the strata, and the éffect was to produce a broad dome sloping 
eastward and westward, and northward to the Gulf of St Lawrence 
and southward to the Gulf of Mexico. 

A prominent effect of this great uplift was to revive the activity 
of the streams so that they once more became active agents of 
erosion. We are now prepared to make the important statement 
that the present major topographic features of New York State, as 
well as western New England and the whole Appalachian region, 
have largely been produced by the erosion or dissection of this up- 


UN. Y. State Mus. Bul. 146, p. 67. 
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ruiscd Cretacic peneplain. This being the case, are any remnants 
of that upraised surface still left? In the affirmative answer to this 
inquiry we have the most positive evidence for the former existence 
of the Cretacic peneplain. We have said that the most perfect 
development of the peneplain was from central Pennsylvania to 
Virginia, and it is just here where we should expect to find the 
best remnants of that old surface. In this region the typical Ap- 
palachian ridges and valleys, which run parallel to the trend of the 
mountain range, are very well developed. These valleys are the 
trenches cut along the belts of soft rock and to below the surface 
of the upraised peneplain, while the ridges have developed along 
the belts of hard rock and their summits actually represent portions 
of the old peneplain surface. These ridges all rise to the same 
general level for miles around, and as viewed from the summit 
of any one of them the concordant altitudes give rise to what is 
called the “even sky line” which is a most striking feature of the 
landscape. Plate 35 gives an excellent idea of the even sky line 
across these ridges. 
In New York State the concordant altitudes are not so well 
shown both because the peneplain was here not so perfectly de- 
veloped and because the attitude of the strata has largely been 
unfavorable to the formation of long, distinct ridges. Remnants 
_ of the peneplain are, however, unmistakably present in New York 
as, for example, on a very large scale over the great Southwestern 
_ plateau whose high points nearly always rise to altitudes of about 
- 2000 feet. This plateau is simply a part of the upraised and dis- 
' sected Cretacic peneplain, and the slight downward sag toward the 
middle (already noted in chapter 2) is no doubt due to a slight 
_downwarping of the general level during the process of uplift. 
The topographic map (plate 4) well illustrates the character of 
‘this dissected plateau. The present elevation of the peneplain 
‘remnants does not necessarily indicate the maximum amount of 
uplift. In the next chapter evidence will be presented to show 
that, for the New York area at least, the land was considerably 
higher in the Tertiary period than it is at present. 
5 The summit of the Tug Hill province is a small plateau at an 
altitude of about 2000 feet, and is merely a remnant of the upraised 
peneplain which was formerly connected with the Southwestern 
plateau. As one stands at the summit of Tug hill and looks out 
over the western slope of the Adirondacks, he is impressed by the 
markably even sky line there shown at an altitude of a little over 
feet. The east-central Adirondacks and the Catskills present 
ions because these regions stood out above the old peneplain. 


Seseeesesc ase 22 S.456>2 422 = 


70 NEW YORK STATE MUSEUM 


The Mohawk and upper Hudson valleys have been so broadly 
and deeply trenched through soft strata that in them no remnants 
of the peneplain surface remain. Immediately eastward in the 
3erkshires, however, the old surface is well exhibited. In the 
Highlands-of-the-Hudson, a view from one of the high points 
shows a rather even sky line at an altitude of from 1200 to 1500 
feet, the somewhat lower elevation of the old surface here being 
due to the fact that this region was east of the main axis of uplift. 

Since the actual work of erosion or dissection of the upraised 
peneplain occurred during the Cenozoic era, further discussion of 
the subject is reserved for the next chapter. It has been the present 
purpose to prove that the Cretacic peneplain actually existed and 
that it was upraised. 


FAULTING OF THE EASTERN ADIRONDACKS 


The eastern and southern Adirondack regions have been exten- 
sively fractured or faulted (see figures 23 and 24). In fact the 
major topographic features of those regions such as the numerous 
north-northeast by south-southwest ridges and valleys are largely 


ee st al 
Fic. 23 Cross-section of a normal Fic. 24 Cross-section of a reversed 
fault. or thrust fault. 


dependent upon this faulted structure. These fractures are all of the 
normal fault type with fault surfaces practically vertical. Examina- 
tion of the topographic maps of the whole eastern and southern Adi- 
rondacks shows that by far most of the ridges and valleys, streams 
and lakes trend in a north-northeast by south-southwest direction, 
or perfectly parallel to the direction of the major faults. Up to 
the present, no single fault has been proved to extend across the 
entire region, but rather there is a series of numerous parallel faults, 
no one of which has been traced much over 20 or 30 miles. The 
exact amount of displacement along these lines of fracture in the 
ancient crystalline rocks can not be determined, but many times it 
amounts to at least 2000 feet. 
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This series of faults cuts through the early Paleozoic strata along 
the shores of Lake Champlain and in the Mohawk valley, and in 
these regions, due to marked differences in the rocks affected, it 
has been possible to determine carefully the character of the faults 
and the amounts of the displacements (see plate 37). Figure 25 
shows two sections through the faulted region of the Mohawk 
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Fic. 26 Geologic and topographic map of the vicinity of Northville (Ful- | 
: 


along the southern border of the Adirondacks where the Precambriec and ~ 


ton county), showing an unusual variety of rock formations and structures 


Paleozoic rocks come together, and where all have been greatly faulted. The 
position of the structure section is indicated by the line AB, the vertical 
scale of the section being twice exaggerated. The greatest fault is the one 
on the west, and the country immediately on the east side of it has dropped 
fully 1500 feet with respect to that on the west (mountain) side. Northville 


lies between two smaller faults and on an earth block which has dropped 


several hundred feet with respect to the country on either side. 
Geology by_W. J. Miller, N. Y. State Mus. Bul, 153 
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valley. To a considerable degree the topography of the valley is 
affected by the faults, especially where the harder Precambric or 
Cambric rocks form the scarp or upthrow sides of the faults. This 
is particularly true at Little Falls and the “ Noses” (near Yosts) 


prominent fault scarp and even down to the underlying Precambric 
rock which has been brought relatively nearer the surface by the 
tilting of the earth blocks (see figure 7). On the geologic map of 
the State (figure 1) two tongues of Paleozoic rock are seen to 
extend northward well into the Precambric rock area, and these are 
to be explained by the fact that, due to faulting along the west 
sides, the Paleozoic strata, for fifteen or twenty miles, have dropped 
down (relatively) fully 1500 feet with respect to the Precambric 
rock. The much more resistant Précambric rock has stood out 
against erosion and in each case rises with steep front from 1000 
to 1500 feet above the Paleozoic rock surface (see figure 26). - The 
small remnant of Paleozoic strata already referred.to at Wells in 
Hamilton county was dropped down fully 2000 feet by faulting 
against the Precambric rock just west, and thus this remarkable 
Paleozoic outlier has been preserved from complete removal by 
erosion. 

What is the age of the faulting or, in other words, when were 
these fractures developed? That some faulting, at least, occurred 
during Precambric time has been well established but, so far as 
known, those faults are of very minor importance, certainly having 
no appreciable influence upon the existing topography. 

During the Paleozoic era, however, there is good reason to think 
that considerable faulting took place. At just what time during the 
era the faulting occurred is not now altogether certain, but it is 
certain that it was sometime after the deposition of the Ordovicic 
sediments because at many places those rocks are involved in the 
faulting. Cushing has suggested that the faulting may have been 
initiated at the time of the Taconic revolution when the rocks of 
the region immediately eastward were so greatly disturbed, but he 
says, “the great earth disturbances (Appalachian revolution) which 
prevailed in the Appalachian zone toward the close of the Paleozoic 
would seem more likely to have brought about the major faulting 
of the reigon.”* At this latter time the rocks of northern New 
‘ York were not folded but, as we have learned, the whole State was 
, notably elevated, and during this disturbance conditions were cer- 


_ IN. Y. State Mus. Bul. 95, p. 405. 


where, in each case, the Mohawk river has cut a gorge across a 
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tainly favorable for extensive fracturing of the strata. The dis- 
turbance of the early Mesozoic, which caused the fracturing of the 
Newark (Triassic) rocks along the Atlantic slope, quite certainly 
did not affect the Adirondacks because those faults are of a differ- 
ent type and closely confined to the Triassic basins. 

If the major faulting occurred at the close of the Paleozoic, then 
the Mesozoic must have opened with the northeastern portion of 
the newly upraised New York State area cut by a great series of 
faults which caused the edges of the upturned earth blocks to stand 
out prominently as ridges. However this may have been, we are 
certain that by the close of the long period of Mesozoic erosion the 
old fault scarps or ridges were practically obliterated. If so, how 
do we account for the present Adirondack ridges which follow the 
fault lines? As a result of the uplift of the Cretacic peneplain one 
or both of the following things happened, either there was renewed 
faulting, or that as a result of unequal erosion (due to differences 
in rock character) on opposite sides of the faults, the old fault 
scarps were renewed. It is quite certain that both things occurred, 


and thus the surface of the newly elevated Cretacic peneplain in — 


northeastern New York was made irregular by freshly formed fault 
scarps. This, together with the later (Cenozoic) erosion along the 
old fault lines and belts of weaker rocks, accounts for the existing 


Adirondack ridges. That some of the faulting actually dates from — 


this time, or possibly even later, is proved by the present existence 
of certain steep fault cliffs in perfectly homogeneous rock masses, 
and by the fault blocks which have been scarcely modified by erosion 
since their formation. 


DRAINAGE OF NEW YORK IN THE MESOZOIC 


Thus far we have said very little about the early drainage 
features of New York State. In fact we must admit that prior to 
the Cenozoic era, we have practically no knowledge concerning the 


positions of even the major drainage lines of the State. From our 


knowledge of the land and water relations during the Paleozoic era, 
we can form only the most general ideas regarding the drainage. 
The Mesozoic physiography of the State is better known and hence 
the drainage is perhaps better known, but even here positive knowl- 
edge is almost wholly lacking. The whole subject of the Pre- 
cenozoic drainage of New York is one which demands thorough 
study before anything like satisfactory conclusions can be reached, 
and the following very brief discussion is intended to be merely sug- 
gestive of the problems involved. 
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At the close of the Paleozoic, and as a result of the Appalachian 
uplift, the region of New York State was raised well above sea 
level, with the greatest uplift toward the north as shown by the 
general south to southwesterly dip (tilt) of the Paleozoic strata 
(see figures 3 and 5). At that time those strata lapped over much 
of what is now the Precambric rock area of the Adirondacks. The 
Appalachian folds of the Hudson valley region, as well as the high- 
lands (of earlier origin) in general along the eastern border of 
the State, must have prevented any important eastward drainage. 

Thus, in the writer’s belief, the strongest evidence suggests that the 

principal streams of the early Mesozoic era flowed in general 
_ southwesterly courses upon the surface of the newly upraised 
Paleozoic strata and away from the highlands of the eastern border 
of the State. 

If this be the correct interpretation (for others are certainly pos- 
sible) of the early Mesozoic drainage, it must follow that no river 
at all comparable in length and position to the present Hudson 
could have existed along the eastern side of the State, and no large 

rivers, like the Susquehanna and Delaware, then had southeasterly 
- courses across the Appalachian mountains. 

__ During the long Mesozoic era, the area of the State was pro- 
 foundly eroded, as already proved. In the midst of this era the 
_ ruggedness of Mesozoic relief reached its maximum and, in accord- 

‘ance with well-known principles, the valleys must have formed 
along the belts of softer rock, while the harder rocks stood out to 
form the highlands or ridges. At this time the edges of the Paleo- 
“Zoic strata had sufficiently retreated (by erosion) on all sides from 
the central Adirondacks so that a considerable area of Precambric 
rocks had already become exposed in northern New York. During 
this retreat of the Paleozoic strata there was a tendency to form 
“important valleys, especially along the western and southern bor- 
ders of the Adirondacks, because whenever the harder rock forma- 
‘tions were encountered they would stand out as escarpments, while 
‘the softer rocks would be worn down into valleys. It is in accord- 
nce with these principles that the Mohawk and Black river valleys 
vere formed, though it does not necessarily follow that these older 
leys occupied the same positions as the present ones because of 
e gradual retreat of these depressions away from the Adirondack 


1It should be stated that the Great Lakes were net then in existence, those 
ies of water not having been formed till late in the Cenozoic era (see 
: 6). 


So 
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In western New York and over the region of the present Lake 
Ontario, the hard and soft early Paleozoic strata outcropped along 
a nearly east and west direction, and hence considerable streams, 
tributary to the major southwestward flowing streams, doubtless 


followed the belts of soft (shale) rocks. Such a west-flowing 


stream may have followed the belt of weak Ordovicic shales which 
runs under the present Lake Ontario. 


In southeastern New York, in the midst of the Mesozoic era, the © 


land was lower than at the beginning of the era as shown by the 


fact that the late Cretacic sea spread over at least some of the | 
region. This gave a better opportunity for the development of an — 


eastward or southward drainage toward the Atlantic basin, and at 
this time it is possible that the ancestors of the modern Hudson, 
Delaware, and Susquehanna rivers were formed. 

However uncertain our ideas may be regarding the topography 
and drainage of the early and middle Mesozoic, we are nevertheless 
sure that by the close of the period the topography of the State was 


that of almost a peneplain which has already been described, and — 


that the streams were all of low gradient and very sluggish. During 
the long erosion time of the Mesozoic, there must have been many 


changes in stream courses and adjustments to rock structures. By 


the close of the era the courses of the rivers are, as yet, not defi- 
nitely known, though in accordance with the above discussion we 
are reasonably certain that the principal drainage of the State from 
the northern, central, and western portions was southwestward to 
westward into the Mississippi basin, while the drainage of the 
southeastern portion was southward to southeastward into the 
Atlantic basin. 


Chapter 6 
CENOZOIC HISTORY 


TERTIARY, PERIOD 


Rock formations and life of the Tertiary The Mesozoic closed 
and-the Cenozoic opened with the uplift of the great Cretacic pene- 
plain. Before the uplift, the sea spread over the Long and Staten 
‘Islands region, but for a time after the uplift the land was there 

high enough to exclude the sea and New York State was wholly 
above sea level. This we know because the lowest (earliest) Ter- 
_ tiary deposits do not occur on Long or Staten Islands or in northern 
New Jersey, and hence the region must have been above water. 
‘ The subdivisions of the Tertiary, from oldest to youngest, are 
known as Eocene, Miocene, and Pliocene. The early Eocene de- 
' posits are missing from the northern Atlantic Coastal plain, and 
_ on Long and Staten Islands we have no evidence that any of the 
_ Eocene is present which thus leads to the conclusion that all south- 
_ eastern New York was dry land during the whole of the Eocene. 
| During the Miocene there was enough sinking to allow the sea to 
‘ encroach oyer the Long and Staten Islands districts as well as the 
_ whole northern Coastal plain. Except for very slight oscillations 
| of level which we shall here disregard, the region remained sub- 
' merged under shallow sea water during all the Miocene and Plio- 
cene, or till the close of the Tertiary period. The Tertiary deposits 
' were sands, gravels, and clays which formed layer upon layer in 
" the shallow sea along the margin of the continent (see figure 22), 
_ but on Long and Staten Islands they are seldom seen because of 
"the more recent covering of glacial deposits. They are finely 
_ exposed in the Coastal plain of New Jersey. 
The Tertiary period is generally called the “ Age of Mammals ” 
because, although mammals began in a small way in the Mesozoic, 
‘they became the dominant feature of life for the first time in the 
\ Tertiary. In the early Tertiary the mammals were very different in 
“appearance from those of the present, a common form then being 
generalized or ancestral type (for example, Phenacodus) about 
the size of a dog and having five toes. Many of our modern mam- 
Is have descended from this type. During the Tertiary the 
mals developed very rapidly so that by the close of the period 
y were very much as they are today except that man, the highest 
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and most wonderful animal of all, did not appear until the last 
(Quaternary) period of earth history. Birds developed to much 
like their present forms. Reptiles diminished both in size and 
number of species in a remarkable way, while fishes took on a 
decidedly modern aspect. The invertebrates of the Tertiary were 
not strikingly different from those of the present and by the close 
of the period they were so modern that from 75 to go per cent of 
them were even the same species as those now living. 

We learned that, in the late Mesozoic, true flowering plants had 
been developed in abundance, and during the Tertiary these and 
all other plants reached a development which in no essential way” 
was different from that of the present. 

The records of Tertiary life are but scantily represented in New 
York because of the small extent of exposed Tertiary rocks. In 
the deposits of the Atlantic Coastal plain, however, abundant 
fossils are found. 

Development of relief features. The uplift of the great Cretacic 
peneplain was an event of prime importance for New York because 
it literally furnishes us with the beginning of the history of most 
of the existing relief features of the State. Hence we assert with 
emphasis that all the principal topographic features of the State as 
we see them today date from the uplift of the Cretacic peneplain 
because they have been produced by the dissection of that upraised 
surface. This dissection was largely the work of erosion, though 
in the eastern Adirondack region faulting has produced notable 
effects. All the great valleys such as the Champlain, St Lawrence, 
Black river, Mohawk, and Hudson have been produced since the 
uplift of the peneplain. It should also be stated that the Great 
Lakes, as well as the numerous lakes, gorges, and waterfalls for 
which New York is noted, were absent as geographic features at 
the opening of the Cenozoic. 

As previously stated, the streams of New York which flowed 
upon the peneplain surface sluggishly meandered over deep alluvial 
or flood-plain deposits, and their courses were little if any 
determined by the character of the underlying rocks because hard 
and soft rocks alike were worn down to a general level. The 
uplift of the peneplain, however, greatly revived the activity of 
the streams so that they became very effective agents of erosion; 
they first cut channels through the alluvial deposits and then into 
the underlying bedrock. Thus these large original streams had 
their courses determined in the overlying deposits, and when the 
underlying rocks were reached the same courses had to be pursued 
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entirely without reference to the underlying rock character and 
structures. Such streams aré.said to be superimposed because they 
have, so to speak, been let down upon the underlying rock masses. 
‘To quote Professor Berkey: “ The larger rivers, the great master 
streams, of the superimposed drainage system, in some cases were 
so efficient in the corrasion of their channels that the discovery of 
discordant structures (in the underlying rocks) has not been of 
sufficient influence to displace them, or reverse them, or even to 
shift them very far from their original direct course to the sea. 
They cut directly across mountain ridges because they flowed over 
the plain out of which these ridges have been carved and because 
their own erosive and transporting power have exceeded those of 
any of their tributaries or neighbors.”’1 Fine examples of such 
superimposed streams which are now entirely out of harmony with 
the structure of the regions over which they flow are the Susque- 
hanna, Delaware, and Hudson. Thus the Susquehanna cuts across 
a whole succession of Appalachian ridges while, in accordance with 
the same explanation, the Delaware cuts through the Kittatinny 
range at the famous Delaware Water Gap. The lower Hudson 
pursues a course no less out of harmony with the structure of the 
country through which it passes. Thus it flows at a considerable 
angle across the Taconic folds above the Highlands, after which 
it passes through a deep gorge which it has cut through the hard 
granites and other rocks of the Highlands. The simple explanation 
is that the Hudson had its course determined upon the surface of 
the upraised Cretacic peneplain, and that it has been able to keep 
that course in spite of the discordant structures of the underlying 
rocks: /j. 

But while the great master streams were thus cutting deep 
trenches in hard and soft rock alike, numerous side streams or 
tributaries came into existence and naturally developed along the 
belts of weak rock and in harmony with the geologic structures. 
This is true of all the streams now occupying the valleys between 
the Appalachian ridges. In southeastern New York two remark- 
able cases are presented by the Wallkill river and Rondout creek 
which flow many miles northeastwardly and in a direction almost 
the reverse of that of the Hudson to which they are tributary. As 


| the master superimposed Hudson cut its channel deeper and deeper, 


the Wallkill and Rondout side streams were enabled to cut their 
valleys deeper and deeper while they increased in length by pushing 


1N. Y. State Mus. Bul. 146, p. 60. 
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their headwaters farther southward, but only along belts of weak 
rock and in harmony with the northeast-southwest folded structure 
of the region. : 

In a similar manner the great Mohawk valley has been developed. 
The Mohawk is the chief tributary of the Hudson, and whether or 
not its ancestor flowed in about the same position upon the surface 
of the peneplain, we do know that the present Mohawk valley 
(below Little Falls) has been carved out of the upraised peneplain 
by the Mohawk river and its tributaries along a belt of weak 
Ordovicic shales. The valley is bounded on the north by the very 
hard Precambric rocks and on the south by the fairly resistant 
limestones of the Helderberg escarpment. Proof will be given 
on a later page for the statement that late in the Tertiary (that 
is just prior to the great Ice age) the Mohawk river had its 
source near Little Falls, and that at the same time another stream 
(Rome river), now extinct, flowed westward from Little Falls, 
past Utica and Rome and into the basin now occupied by Lake 
Ontario. West Canada creek was then tributary to the Rome 
river, while the Sacandaga river flowed into the Mohawk instead 
of the Hudson as it now does. 

However uncertain we may be as to the location of a Precenozoic 
Susquehanna river, we are very certain that the present numerous, 
deep channels of the Susquehanna drainage system have been cut 
into the upraised peneplain. The Susquehanna, like the Hudson, 
is a good example of a superimposed stream and its ancestor may 
have flowed along the same general course over the low-lying pene- 
plain before its uplift. Immediately after the uplift some of the 
more easterly headwaters of the Susquehanna came out of the 
southern Adirondacks. Evidences of this are as follows: (1) The 
present Mohawk valley had not been formed, the Mohawk river 
then having only begun the westward migration of its headwaters 
along the belt of soft shales; (2) the natural slope of the southern 
Adirondack region was then southward into the east branches of 
the upper Susquehanna; and (3) the positions of the present 
sources of the east branches of the Susquehanna at the crest of 
the high Helderberg escarpment, and in some cases within a very 
few miles of the present Mohawk river (see drainage map, figure 
Ir) strongly argue for the cutting off or beheading of the former 
headwaters of the east branches. This beheading was accomplished 
by the Mohawk as its headwaters migrated slowly westward thus 
tapping one by one of the upper waters of the east branches of the 
Susquehanna. Even today the Mohawk continues to steal drainage 
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territory at the expense of the Susquehanna because the short, 
swift tributaries of the Mohawk, which flow northward over the 
Helderberg escarpment, are cutting down their channels rapidly, 
while their headwaters are migrating southward into the territory 
of the Susquehanna. A great network of large and small streams 
tributary to the upper Susquehanna drain a considerable portion of 
south-central New York, there being no single great master stream 
in this region because the rock formations are so nearly horizontal 
and are so much alike as regards resistance to erosion. 

The Delaware system has had a history practically the same as 
that of the Susquehanna, except that it never drained any of the 
region north of the Mohawk. 

The present ruggedness of the Catskills is largely, if not alto- 
gether, due to the production of deep channels which have been 
cut into the region upraised at the time of the uplift of the great 
peneplain by the headwaters of the Delaware, Schoharie creek 
(north-flowing), and the smaller streams flowing across the steep 
eastern front of the mountains. 

During Tertiary times Lake Champlain was certainly not in 
existence, but the great depression was there and was no doubt 
largely developed or at least increased in depth by the settling of 
earth blocks during the time of extensive faulting at the close of 
the Mesozoic or beginning of the Cenozoic. The depression is 
essentially a fault trough. The major stream occupying this valley 
flowed northward and in late Tertiary time, at least, the divide 
between the drainage of this and the Hudson valley passed between 
Glens Falls and Whitehall, and through the present position of 
the “ Narrows” of Lake George, the lake, of course, not then being 
in existence. 

Drainage of New York in the Tertiary. The outline of the 
probable drainage condition of western New York during the 
Mesozoic has already been given, and now as we attempt to restore 
the drainage conditions of the Tertiary, we must admit that some 
problems yet remain unsolved.- Lakes Ontario and Erie certainly 
were not in existence. Streams flowed through these basins, which 
were not as deep as they now are. The bottom of Ontario is as 


much as 491 feet below sea level, while its surface lies at an alti- 


tude of 247 feet, and the altitude of Erie is 573 feet while its 
greatest depth is 204 feet. The explanation of the increased depths 
of the basins is given on a later page. The question now arises, Did 
the waters from western New York drain westward or southwest- 
ward and into the Mississippi, or northeastward through the St 
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Lawrence? According to J. W. Spencer, the St Lawrence received 
those waters, but in the light of what we have said about Mesozoic 
drainage, and also in view of the fact that the St Lawrence now, 
in the Thousand Islands region, does not flow through anything 
like a distinct channel (see plate -g) cut out by a great river, we 
must admit that there is little to favor such northeastward drainage 
from western New York. The St Lawrence is almost certainly 
postglacial in its course at the Thousand Islands as shown by the 
lack of any real channel, and by the presence of a belt of hard Pre- 
cambric rock extending across the river and connecting the Adi- 
rondacks with the Canadian Precambric rocks. This hard rock 
belt must have formed a preglacial divide until the recent forma- 
tion of Lake Ontario and the downwarping of the land which 
allowed the drainage to pass over the divide for the first time (see 
later page). 

Grabau’s interpretation is that the Tertiary drainage of western 
New York passed westward and southwestward into the Mississippi, 
and: this view is, in the writer’s belief, far more tenable. The 
accompanying map (figure 27) gives a good idea of the drainage 
lines according to this view. The major drainage lines were no | 
doubt inherited from the Mesozoic, the southwestward courses hav- | 
ing been originally determined by the tilt of the land at the time of 
the Appalachian uplift. When the Cretacic peneplain was upraised, 
these major streams as, for example, the Dundas river, again began 
very active work of erosion, and tributary streams were developed, 
during the Tertiary, along the belts of weak rocks. Thus an 
important west-flowing tributary was developed along the belt of | 
soft Ordovicic and Medina shales, and formed a channel where the © 
basin of Lake Ontario now is. The Rome river, with source at 
Little Falls, became a branch of this stream while another important | 
branch had its source on the Thousand Islands divide. There is 
also shown the position of the Black river, which by late Tertiary 
had already carved out that important valley and flowed into the 
Ontario depression, according to Grabau. More recent evidence, 
however (see later page), strongly favors the passage of the lower 
end of the Black river north and northeastward into the precursor 
of the modern St Lawrence, and which had its source on the 
Thousand Islands divide. 

On the accompanying map the three south-flowing streams, one 
heading near Rochester and the other two flowing through Lakes 
Seneca and Cayuga, are, in the writer’s judgment, not properly 
shown for the late Tertiary, that is, just prior to the great Ice age. 


: 
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i Tt is practically certain that preglacial streams were here north- 
_ flowing rather than south-flowing, because during long Tertiary 
_ time such tributaries to the large stream in the Ontario basin must 

have developed across the steep north slopes of the Niagara and 
¢ Helderberg escarpments, and also because the slope of the Genesee 
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Fic. 27 Grabau’s interpretation of late Tertiary drainage in the eastern 
Great Lakes region, the intention being to show the general kind of drainage 
rather than the exact location of the streams. The “Rome” river with 
source at Little Falls is well shown. The three south-flowing streams should, 
in the writer’s opinion, be represented as north-flowing, at least immediately 
prior to the great Ice Age. 

: After Grabau, N. Y. State M s. B-1. 45, fig. 6 


_Tiver is now, at least, so decidedly downward toward the north. 


If the late Tertiary Genesee flowed southward, the reversal of its 
course must have been caused by a very marked tilting of the land, 
but we have no evidence for such a decided land movement. 

In our discussion of Mesozoic drainage (see chapter 5) we found 
that, during the early part of that era, nearly all the drainage of 
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the state passed southwestward to westward into the Mississippi 
valley with very little, if any, drainage into the Atlantic. But by 
the close of the Mesozoic, or the beginning of the Tertiary, a con- 
siderable south to southeastward drainage had been established 
along the lines of the Hudson, Susquehanna, and Delaware rivers. 
Have we any explanation for the establishment of these important 
drainages into the Atlantic? One view is that the courses came 
about as a result of the meandering and changing of channels on 
the surface of the low-lying Cretacic. peneplain, and that these 
courses were maintained upon the upraised peneplain, Another 
view which the writer would suggest as worthy of consideration. 
is that the south and southeasterly drainage lines were established 
as a result of' the uplift of the peneplain. Chapter 5 shows 
that the axis of greatest uplift passed through northern New York 
from central Pennsylvania, the region of southeastern New York 
and northern New Jersey not being raised so high. It is very 
reasonable, if not highly probable, that this very warping or slow 
arching up of the peneplain surface inaugurated the present drain- 
age toward the Atlantic because the streams, no matter what their 
previous courses, then naturally must have flowed down that initial 
slope toward the Atlantic. 

After the uplift of the peneplain the larger streams cut down 
their channels most rapidly and would be the first to reach “ grade,” 
that is, a condition in which, because of low velocity, they could no . 
longer cut down their channels, though the widening process could 
continue because of side cutting due to meandering of the streams 
back and forth from one side to the other of the channels. The 
deep but broad-bottomed, stream-cut valleys so common in New 
York State show that many of the streams had reached a graded 
or nearly graded condition even by the close of the Tertiary. In 
southeastern New York, at least, we have evidence to show that 
after the streams had reached grade there was an appreciable 
renewed uplift of the land which again revived the activity of the 
streams. Thus the broad Hudson valley, with minor hills rising 
above its surface, was produced when the Hudson was well along 
toward a graded condition and then, as a result of this late Tertiary 
uplift of the land, the present narrow and fairly deep inner channel” 
(gorge) of the Hudson was formed. The Hudson did not reath 
grade in this inner channel, its work having been interrupted by 
the spreading of the great ice sheet over the region. It is not known 
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‘that this late Tertiary reelevation notably affected the rest of the 
State. 

This inner gorge of the Hudson valley has been traced for fully 
100 miles eastward beyond the mouth of the present river. The 
_ Coast and Geodetic Survey has made a detailed map (see figure 28) 
of the ocean bottom near New York City, and the submerged chan- 
nel of the Hudson river is clearly shown as a distinct trench cut 


-— 


Fic. 28 The submerged Hudson River channel, whose position is clearly 
shown by the contour lines. Figures indicate depth of water in fathoms. 
Data from Coast and Geodetic Survey. 
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into the continental sheif. Even in the Hudson valley above New 
York City, the narrow inner rock channel has a depth of hundreds 
of feet (see plate 38) and is mostly submerged below tide water. 
Without. any question this submerged Hudson channel was cut 
when the region -was dry land, and thus we have positive proof 
that late in the Tertiary, and possibly extending into the early 
Quaternary, the region of southeastern New York was notably 
higher than it is today. Conservative estimates place the amount 
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of elevation greater then than now at not less than 2000 feet because 
the very end of the Hudson channel is submerged to that extent. * 
The coast was then at what is now the edge of the continental 
shelf or platform about 100 miles east of the present coast line. 
That this greater altitude was before the Ice age is proved by the 


fact that the inner Hudson channel now contains much glacial © 
debris filling. That all of New York State was then higher than © 


now is quite certain because, for example, with the lower Hudson 
region considerably elevated, the upstate region must also have 


been elevated (though possibly not so much) in order to maintain 


the gradients of the actively eroding streams. 


To summarize briefly the drainage and physiography of the State . 
during the Tertiary, we may say that, with a certain few important ~ 
exceptions, the major features as we see them today were practi-— 
cally the same toward the close of the Tertiary, and that these 


relief features were developed by erosion which began with the 
uplift of the great peneplain at the opening of this period or the 
close of the one just preceding. A few of the more notable differ- 
ences between the drainage of the late Tertiary and the present 
are. as follows: Very few, if any, lakes, waterfalls, or gorges 
existed; Lakes Erie and Ontario were absent and these basins 
contained important streams which appear to have drained west- 
ward into the Mississippi; the St Lawrence river probably had its 
source in the Thousand Islands region; the Mohawk river had its 
source on the divide at Little Falls, while the so-called Rome river 
flowed westward from Little Falls; West Canada creek entered the 
Rome river; the Sacandaga river entered the Mohawk; the State, 


especially the southeastern portion, was notably higher (perhaps 


not less than 2000 feet) than it now is so that the Atlantic coast 
line was about 100 miles farther out where the Hudson emptied 
into the ocean; and Long and Staten islands did not then exist as 
such. 


1It has been suggested by Chamberlain and Salisbury (Geology, vol. 1, 
page 529) that the very end of the Hudson, and other submerged channels, 
may have been deepened by tidal scouring and, if so, the figure (2000 feet) 
generally given may be too high. At any rate the Hudson channel at the 
Highlands is submerged nearly 800 feet which certainly implies an altitude 
cf more than 1000 feet greater than now when the river was actively eroding. 
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QUATERNARY PERIOD, INCLUDING NEW YORK IN THE 
-GREAT ICE AGE 


_ The fact of the Ice age. The Quaternary is the last great period 
of earth history, and it still continues for it has led up to the present- 
day conditions. This period was ushered in by the spreading of 
vast ice sheets over much of northern North America and Europe, 
which must take rank as one of the most interesting and remark- 
able occurrences of geological time. On first thought the existence 
of such vast ice sheets seems unbelievable, but the Ice age occurred 
so short a time ago that the records of the event are perfectly clear 
and conclusive. The fact of this great Ice age was discovered by 
Louis Agassiz in 1837, and ftlly announced before the British 
Scientific Association in 1840. For some years the idea was 
opposed, especially by advocates of the so-called iceberg theory. 
Now, however, no important event of earth history is more firmly 
established and no student of the subject ever questions the fact 
of the Quaternary Ice age. 

Some of the proofs ofthe former presence of the great ice sheet 
are as follows: (1) polished and striated rock surfaces (see plate 
39) which are precisely like those produced by existing glaciers, 
and which could not possibly have been produced by any other 
-agency; (2) glacial boulders or “ erratics”” which are often some- 
what rounded and scratched, and which have often been trans- 
ported many miles from their parent rock ledges; (3) true glacial 
moraines, especially terminal moraines, like that which extends the 
full length of Long Island and marks the southernmost limit of 
the great ice sheet; and (4) the generally widespread distribution 
over most of the glaciated area of heterogeneous glacial debris, both 
unstratified and stratified, which is clearly transported material and 
_ typically rests upon the bedrock by sharp contact. 

Ice extent and centers of aceumulation. The best known exist- 
ing great ice sheets are those of Greenland and Anarctica, especially 
the former which covers about 500,000 square miles. This glacier 
is so large and deep that only an occasional. high rocky mountain 
projects above its surface, and the ice is known to be slowly moving 
_ outward in all directions from the interior to the margins of Green- 
land. Along the margins, where melting is more rapid, some land 
is exposed, but often the ice flows out into the ocean where it 
breaks off to form large icebergs. 

The accompanying map (figure 29) shows the area of nearly 
4,000,000 square miles of North America covered by ice at the 


] 
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time of maximum glaciation, and also the three great centers of — 
accumulation and dispersal of the ice. The directions of flow of | 
the ice from these centers have been determined by the study of | 
the directions of a very large number of glacial striae or scratches. | 


Fic. 29 Map of North America showing the maximum extent of the 
great ice sheets of the Quaternary period. The three great ice centers are 
shown by the letters as follows: L—  Laborador or Laurentide Glacier; 
K = Keewatin Glacier; and C—Cordilleran Glacier. All of New York 
State, except probably the very southern border of Long Isiand and the 
southern part of Cattaraugus county, was buried under the ice. i. 


It was the Labradorean or Laurentide ice sheet which spread south- 
ward over New York to cover all the State except the southern 
border of Long Island. It must of course be remembered that the 
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north Atlantic coast line was*then considerably farther out than 
now because of the greater elevation of the land. 

Direction of movement and depth of ice in New York. The fact 
_ that glacial ice flows as though it were a viscous substance is well 
known from studies of present-day glaciers in the Alps, Alaska, 
or the Greenland ice sheet. A common assumption, either that the 
land at the center of accumulation must have been thousands of 
feet higher or that the ice there must have been immensely thick, 
in order to permit flowage so far out from the center, is not neces- 
sary. For instance, if one proceeds to pour viscous tar slowly in 
one place upon a perfectly smooth (level) surface, the substance 
will gradually flow out in all directions, and at no time will the 
tar at the center of accumulation be very much thicker than at 
other places. The movement of the ice from one of the great 
centers was much like this, only in the case of the glacier the 
-accumulation of snow and ice was by no means confined to the 
_ immediate centers of accumulation. 

When the Labradorean ice sheet spread out southward as far as 
northern New York, the-Adirondack mountains stood out as a con- 
siderable obstacle in the path of the moving ice, and the tendency 
__ was for the current to divide into two portions, one of which passed 
southwestward up the low, broad St Lawrence valley, and the other 
_ due southward through the deep, narrow Champlain valley. As the 
' ice kept crowding from the rear, part of the St Lawrence ice lobe 
‘pushed into the Ontario basin, while another portion pushed its 

way up the broad, low Black river valley and finally into the Mo- 
hawk valley. At the same time the Champlain ice lobe found its 
_ way into the upper Hudson valley, and sent a branch lobe up the 
: broad, low Mohawk valley. The two Mohawk lobes, the one from 
the west and the other from the east, met in the Mohawk valley 


7 not far from Little Falls. As the ice sheet continued to push 


southward, all the lowlands of northern New York were filled, a 
tongue or lobe was sent down the Hudson valley, and finally the 
whole State, except the southern border of Long Island, was buried 
under the ice. The general direction of ice movement at this time 
of greatest ice extent was southward to southwestward with per- 
haps some undercurrents determined by the larger topographic 
features. Thus we learn that the major relief features of the State 
very largely determined the direction of ice currents, except at the 
time of maximum glaciation when only the undercurrents were 
controlled. 
These ideas are abundantly borne out by the character and dis- 
tion of the glacial striae and boulders over the State. Central 
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New York is literally strewn with thousands of glacial boulders or 
erratics which were transported from the Adirondacks by the ‘ice, 
and similar boulders are occasionally found as far south as Bing- 
hamton or well down the Hudson valley. Evidences of glaciation 
also occur high up in the Adirondacks and the Catskills, so that the 
greatest depth of ice over New York State could not have been 
less than several thousand feet. In fact, we have every reason to 
believe that the Adirondacks, if not the Catskills, were completely 
buried. The reader may wonder how an ice sheet a mile thick in 
northern New York could have thinned out to disappearance at or 
near the southern border of the State, but observations on existing 
glaciers show that it is quite the habit of extensive ice bodies to 
thin out very rapidly near the margins, thus producing steep slopes 
along the ice fronts. 

Successive ice invasions. The front of the great ice sheet, like 
that of ordinary valley glaciers, must have shown many advances 
and retreats. In the northern Mississippi valley, however, we have 
positive proof for several (perhaps five or six) important advances 
and retreats of the ice which gave rise to true interglacial stages. 
The strongest evidence is the presence of successive layers of glacial 
debris, a given layer often having been oxidized, eroded, and covy- 
ered with vegetation before the next (overlying) layer was 
deposited. In drilling wells through the glacial deposits of lowa, 
for example, two distinct deposits or layers of vegetation are often 
encountered at depths of from 100 to 200 feet. Near Toronto, 
Canada, plants which actually belong much farther south in a 
warmer climate have been found between two layers of glacial 
debris. Thus we know that some, at least, of the ice retreats pro- 
duced interglacial stages with warmer climate and were sufficient 
greatly to reduce the size of the continental ice sheet or possibly 
to cause its entire disappearance. 

In New York State no very positive evidence has as yet been 
found to prove truly multiple glaciation, though some phenomena 
as, for example, certain buried.gorges, are very difficult to account 
for except on the basis of more than one advance and retreat of 
the ice. At any rate, there appears to be no good reason whatever 
to believe that there were more than two advances and retreats of 
the ice over the State, and for our purpose in considering only ‘the 
general effects of glaciation we may practically disregard the prob- 
lem of multiple glaciation because the final effects would have been 
essentially the same as a result of a single great glacial advance and 
retreat. 
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Ice erosion. Ice, like flowing water, has very little erosive effect 
upon rocks unless it is properly supplied with tools. When flowing 
ice is shod with hard rock fragments the power to erode is often 
pronounced because the work of abrasion is mostly accomplished 
by the rock fragments rather than by the soft ice itself. For in- 
stance, when the great ice lobe moved up the St Lawrence valley it 
was shod with many pieces of hard Precambric rocks, and the effects 
of erosion are remarkably well shown in the Thousand Islands 
region. Thus, about two miles due south of Clayton the writer 
has seen a succession of great grooves, covering an area of several 
acres, and cut into the hard, fresh Potsdam sandstone on top of a 
low hill. A little search will reveal polished and scratched or 
grooved rock surfaces in almost any part of the State. Granite 
ledges in the Adirondacks are often glaciated, and the freshness 
and hardness of the surface rock proves that the ice eroded all the 
deep preglacial soil as well as the zone of rotten rock, and an 
unknown amount of live or fresh rock. 

In former years a very great erosive power was ascribed to flow- 
ing ice, but today some glacialists consider ice erosion to be almost 
negligible, while many others maintain that, under favorable con- 
ditions, flowing ice has a very considerable erosive effect. During 
the very long preglacial time, rock decomposition must have pro- 
gressed so far that rotten rock, including soils, had accumulated to 
considerable depths, as today in the southern states. Such soils are 
called “residual” because they are derived by the decomposition 
of the very rocks on which they rest. But now one rarely ever 
sees rotten rock or soil in its original place in New York because 
such materials were nearly all scoured off by the passage of the 
great ice sheet, mixed with other soils and ground up rock frag- 
ments and deposited elsewhere. Such are called transported soils. 
Along the southern side of the State, where the erosive power of 
the ice was least, rotten rock is not so uncommonly seen. 

Ice, shod with hard rock fragments and flowing through a deep, 
comparatively narrow valley of soft rock, is especially powerful as 
an erosive agent because the abrasive tools are supplied; the work 
to be done is easy; and the increased depth of the ice where 
crowded into a deep, narrow valley causes greater pressure on the 
bottom and sides of the valley. Many of the valleys of northern 
_ New York were thus very favorably situated for ice erosion, as 
, for example, the Champlain, St Lawrence, Black river, and Finger 

lakes valleys, as well as many of the nearly north-south valleys of 
‘the Adirondacks. The writer has made a special study of ice 
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erosion in the Black river valley, and figure 35 is a structure sec- 
tion across the valley showing the rock terraces and the relations 
of the various rock formations. The high, steep, terrace fronts 
are certainly young topographic features which could not have been | 
present at the close of the long preglacial erosion period, nor could © 
they have been formed since the Ice age because glacial deposits, ~ 
even near the valley bottom, have not yet been removed. There is © 
still the possibility that glacial waters may have done the work, 
but there is no evidence for such vigorous water action especially 
on the higher part of the Trenton limestone terrace where records 
would surely be left. On the contrary, there are glaciated rock 
surfaces and also glacial deposits (kames) on the great limestone 
terrace and near the base of the steep front of the shale terrace, 
so that the work could not have been done by glacial waters before 
the ice retreat. Evidently, we have here a fine example of ice © 
erosion, and before the Ice age the limestones and shales extended © 
somewhat farther eastward than they now do. The conditions for — 
ice erosion were here unusually favorable because the ice, in its © 
great sweep around the Adirondacks, was shod with many frag- 
ments of very hard rocks and entered the deep Black river valley 
striking with greatest force against the soft sedimentary rocks of” 
the west side of the valley. As the figure clearly shows, the very © 
soft shales were worn back more than the harder limestones, while — 
the very hard Precambric rocks were very little affected. This is — 
perhaps the best example of ice erosion in northern New York, and 
even here we must admit that only soft rocks were much eroded 
and that the great preglacial Black river valley was comparatively 
little modified. If soft shales had made up the valley bottom, ice 
erosion would have caused considerable deepening as was, no doubt, 
the case in the valleys of the Finger lakes region. 
Most of the Adirondack mountain peaks, especially the more” 
isolated ones, were thoroughly scraped off and rounded down to — 
the very live or fresh rock (see upper view, plate 17), while the 
favorably situated valleys were vigorously glaciated by the removal 
of all the rotten and at least some of the fresh rock, especially ~ 
when this latter was the comparatively soft Grenville limestone. 
Such phenomena are particularly well exhibited in Warren county 
(see figure 13) where the landscape is characterized by many great, 
. glaciated rock domes which rise above the valleys of weak Gren- 
ville. In a few cases where the ice moved directly across dee 
valleys, like that between Lake George village and Warrensburg, 
the rotten rock to great depth may still be seen in its original place 


Plate 40 


’ 


A glacial boulder or “ erratic’ 
of Black river, 2 miles northeast of Boonville, Oneida county. 
The boulder is 27 feet across and 17 feet high and rests upon 
Black River limestone. It has been transported some miles at 
least. 


of Precambric syenite in the bed 


Photo by W. J. Miller 
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In conclusion we may say that while many comparatively small, 
local features were produced by ice erosion, the major topographic 
features of the State were practically unaffected by ice erosion 
due to the passage of the great ice sheet. 

Ice deposits. The vast amount of debris transported by the great 
‘ice sheet was carried either on its surface, or frozen within it, or 
_ pushed along under it. It was very heterogeneous material ranging 
from the finest clay through sand and gravel, to boulders of many 
tons weight. The deposition of these materials, as we now see 
' them, took place during both the advance and retreat of the ice, but 
chiefly during its retreat. Most of the deposits made during the 
ice advance were obliterated by ice erosion, while those formed 
during the ice retreat have been left intact except for the small 
amount of postglacial erosion. The general term applied to all 
deposits of glacial origin is “ drift,’ this term having been given 
at the time when they were regarded as flood deposits. Drift 
_ deposits cover practically all of New York State except where bare 
rock is actually exposed, and its thickness is very variable, ranging 
from nothing to several hundred feet. 

The ice sheet could advance only when the rate of motion was 
"greater than the rate of melting of the ice front and vice versa in 
the case of retreat. Thus it is true, though seemingly paradoxical, 
_ to assert that the ice was constantly flowing southward even while 

the ice front was retreating northward. Whenever, during the 

great general retreat, the ice front remained stationary because the 

forward motion of the ice was just counterbalanced by the melting, 
“all the ice reaching the margin of the glacier dropped its load to 
_ build up a‘ferminal moraine. Such a moraine is a more or less 
‘distinct range of low hills and depressions consisting of very 
heterogeneous and generally unstratified debris, though at times 
/ waters emerging from the ice caused stratification. The depres- 
"sions are usually called kettle holes. The so-called great terminal 
"moraine marks the southernmost limit of the ice sheet, and is 
wonderfully well shown by the ridge of low irregular hills extend- 
_ ing the whole length of Long Island (see plate 12). It is also 
clearly traceable across northern New Jersey and Pennsylvania and 
Basses through southern Cattaraugus county in New York. 
Terminal moraines farther northward are generally not so long 
nor sharply defined, the one of perhaps most prominence having 
been traced from Herkimer through Oriskany Falls, Cortland, 
Watkins, Bath, Portageville, Dayton, and Jamestown. Moraines, 
ither terminal or lateral, are often locally very prominently 


veloped. 
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When the ice front paused for a considerable time upon a coll 
flat surface, the debris-laden streams emerging from the ice formed) 
what is called an overwash plain by depositing layers of sediment 
over the flat surface. The finest illustration of such an overwash | 
plain in the State is all of that part of Long island lying just south | 
of the great terminal moraine, and known as the Jamaica plain” 
toward the east (see plate 12). rE 

When the ice front extended across a more rugged country, 
with valleys sloping away from the ice, the large glacial streams, _ 
heavy laden with debris, caused more or less deposition of materials — 
on the valley bottoms often for many miles beyond the ice front. 
Such deposits, known as valley trains, are especially well developed | 
along most of the large south-flowing tributaries of the upper 
Susquehanna river in the Southwestern plateau province. 

Glacial boulders, or crratics, have already been referred to; they 
are simply blocks of rock or boulders from the top of the ice or ~ 
within it which have been left strewn over the country as a result 
of the melting of the ice. They vary in size from small pebbles” 
to those of many tons weight (see plate 40), and are naturally most 
commonly derived from the harder and more resistant rock forma-_ 
tions. Thus erratics from the Adirondacks are very numerous in | 
east-central New York, some having even been transported to the — 
southern border of the State. Erratics are often found high upl 
on the mountains, and sometimes they have been left stranded inl 
remarkably balanced positions. 

A very extensive glacial deposit, called the ground moraine, is 
simply the heterogeneous, typically unstratified, debris from the 
bottom of the ice which was deposited, sometimes during the ice 
advance, but most often during its melting and retreat. When it is 
mostly very fine material with pebbles or boulders scattered through © 
its mass, it is known as till or boulder clay. The pebbles or boulders 
of the till are commonly faceted and striated as a result of having 
been rubbed against underlying rock formations. 

Another type of glacial deposit of unusual interest is the drwmlin” 
which is, in reality, only a special form of ground moraine material 
or till. The typical drumlins of New York State are low, rounded 
mounds of till with elliptical bases and steeper slopes on the north 
sides and with long axes parallel to thé direction of ice movement 
(see plate 42). In height they rarely exceed 200 feet, beingsmost 
often less than roo feet. The origin of the drumlins has not yet 
been satisfactorily determined, though it is known that they formed 
near the margin of the ice either by the erosion of an earlier drift 
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layer, or by accumulation benéath the ice under peculiarly favor- 
able conditions, as perhaps along longitudinal crevasses or fissures. 
One of the finest and most extensive exhibitions of drumlins in the 
world is the region of western New York from Oswego and Syra- 
| cuse to west of Rochester. Thousands of drumlins there rise above 
the general level of the Ontario plain, the New York Central Rail- 
road, from Syracuse to Rochester, passing through the very midst 
of them. 

Another type of glacial deposit in the low hill or hillock form is 
‘the kame which, in contrast with the drumlin, always consists of 
‘Stratified drift. Kames are seldom as much as 200 feet high, and 
typically they have rounded bases though frequently they are very 
‘irregular in shape. At times they exist as isolated masses or hills 
or in small groups, while often they are associated with the unstrati- 
fied deposits of the moraines. When grouped, deep depressions 
occur between the hills to form what is called the knob and kettle 
‘structure. Kames were formed at or near the margin of the 
retreating ice, and so are found in all parts of the State. They 
“most generally occur in valley bottoms, but sometimes on hillsides 
‘or even hilltops. They are especially common along the line of 
‘the great terminal moraine (for example, on Long island), and also 
along the line of the important terminal moraine already described 
from central to western New York. For example, in the vicinity 
‘of Oriskany Falls kames are so numerous as to form a striking 
eature of the landscape in the Oriskany valley. They were formed 
as deposits by debris-laden streams emerging from the margin of 
the ice, the water sometimes having risen like great fountains 
because of pressure. Such deposits are now actually in process of 
formation along the edge of the great Malaspina glacier of Alaska. 
_ During the retreat of the ice, glacial lakes were numerous, espe- 
‘cially after the ice front had passed north of the Susquehanna- 
"Allegany divide because the north-sloping valleys were dammed by 
the ice thus ponding the waters in the valleys. Some materials 
were directly deposited from the glacier in those lakes, but more 
"was brought in by debris-laden streams flowing from the land 
already freed from the ice. Such glacial lakes and their deposits 
are common and of unusual interest, but they will be described 
under a subsequent heading. 

In conclusion we may say that the deposition of glacial materials, 
like glacial erosion, has not changed the major topographic features 
f the State. The general tendency of ice deposits has been to fill 
partially fill depressions and thus to diminish the ruggedness of 


topography. 
| 
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Great Lakes history. The Great Lakes certainly did not exist 
before the Ice age, but instead the depressions in that region were 
occupied by stream channels. During the very long erosion. period 
(already discussed) from the Paleozoic to the Cenozoic, no lakes, 
except possibly a few very small ones due to landslides, beaver 
dams, etc., could have existed. Compared with such an immense 
length of time lakes are, at most, only ephemeral features of the 
earth’s surface because they are soon destroyed either by being 
filled with sediments, or by having their outlets cut down, or both. 
Since the Great Lakes are of postglacial origin it is, then, proper to 
ask how they came into existence. During preglacial time, as we 
have learned, broad valleys were cut out along belts of weak rock 
in the Great Lakes region, and these old valleys, to a considerable 
extent at least, account for the present depressions, but not for 
the closed lake basins. This idea of preglacial stream valleys is 
not at all opposed by the fact that some of the lake bottoms are 
now well below sea level because there has been a notable sub- 
sidence of the region since preglacial time. The surface of Lake 
Erie is 573 feet and its deepest point 369 feet above Sea 
level, while the surface of Lake Ontario is 247 feet above 


and its deepest point is 491 feet below sea level. The | 


greatest depth (738 feet) of Lake Ontario is well toward the 
east end and not far from the south shore, and if we consider this 
deep place as due to preglacial erosion, we ought to find an outlet 


channel. But no such outlet channel exists because the whole © 


eastern end, at least, of the lake is certainly rock-rimmed. As 
Tarr has said:. ‘ There’could hardly be a valley over 700 feet 
deep and broad enough to form the continuation of the preglacial 
Ontario valley, which is so completely obscured by drift that not 
the least trace of it has been found on the surface.”’* To assume 
that this deep part of the basin was produced by warping of the 
land is not borne out by examining the exposed strata on all sides. 
It therefore seems quite certain that the preglacial Ontario depres- 
sion was here considerably deepened by ice erosion. The conditions 
were very favorable for such erosion because the rocks were chiefly 
soft Ordovicic shales; because the ice flowed through a deep pre- 
glacial valley; and because there was unusual crowding of ice into 
this valley due to the pronowiced deflection of a great ice current 
around the Adirondacks on the west side. Strong arguments might 
be adduced to show that by ice erosion, portions, at least, of all the 


1 Tarr’s Physical Geography of New York State, p. 235. 


THE GEOLOGICAL HISTORY OF NEW YORK STATE 97 


lake basins were appreciably deepened. Even so, however, we have 
not yet accounted for the present closed basins. In the writer’s 
opinion the two most important phenomena which have contributed 
to the formation of the closed basins of the Great Lakes are the 
great drift accumulations along the south side and the tilting of 
the land downward on the north side of this region. The deep 
drift deposits must certainly have been very effective in damming 
up the south or southwesterly-flowing preglacial streams of the 
region. For example, the deep channel of the so-called Dundas 


, tic. 30 The first stage in the formation of the Great Lakes, 
when most of the region was still buried under the ice. 
After Taylor & Leverett 


' borings, and a distinct moraine extends around the southern half 
of Lake Michigan. The great dumping ground of ice-transported 
"materials from the north was in general along the southern side of 
“the Great Lakes and southward. Late in the Ice age the land on 
the northern side of the Great Lakes region was lower than it is 
, today as proved by the tilted character of certain well-known 
ches of extinct glacial lakes (see below). Such a differential 
tilting or warping of the land must have helped to form the closed 
asins by tending to stop the southward or southwestward drainage 
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from the region. To summarize, we may say that the present 
Great Lakes basins are due to a combination of factors, the more 
important of which were: the formation of preglacial valleys by 
stream erosion; a more or less deepening of these valleys by ice 
erosion; the great accumulation of glacial debris along the southern 
side of the Great Lakes region; and the tilting of the land down- 
ward toward the north. 

We are now ready to trace out the principal stages in the history 
of the Great Lakes during the final retreat of the ice sheet. When 
the ice front had receded far enough northward to uncover the 
western end of Lake Superior, the southern end of Lake Michigan, © 
and an area west of the present end of Lake Erie, small lakes 
were formed against the ice walls (see figure 30). One of these 
has been called Lake Duluth which drained southward into the 
Mississippi; the second Lake Chicago which drained past. Chicago 
through the Illinois river and into the Mississippi; and the third 
Lake Maumee which drained southwestward past Fort Wayne 
through the Wabash river and into the Ohio and Mississippi. 

At a still later stage the conditions shown on the map (figure 3r) 
existed. Lake Chicago was then much larger, and Lake Maumee 


Fic. 31 A later stage of Great Lakes history, showing how 
the eastern and western ice margin lakes combined with outlet 
past Chicago. 

After Taylor _ 
had expanded into the extensive Lake Whittlesey which covered 
nearly all of Lake Erie as well as the immediately surrounding 
country. Lake Whittlesey was at a lower level than the former 
Maumee and the outlet past Fort Wayne ceased, but the drainage 
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from Whittlesey was westward by a large river flowing through 
small Lake Saginaw and into Lake Chicago, which latter still 
emptied through the Illinois river. 

At a still later stage (figure 32) Lake Saginaw merged with the 
waters of the Erie basin to form the large Lake Warren which 
extended along the ice front eastward nearly to central New York. 
_ As the map clearly shows, the Finger lakes basins of New York 
were then occupied by Warren waters, while Niagara Falls were 
not then in existence because that region was also covered by Lake 
Warren. Lake Warren continued to discharge westward into Lake 
Chicago and the Mississippi river until a very late stage, when the 
waters had worked their way along the border of the Ontario ice 


Fic. 32 Glacial Lake Warren. At this stage the discharge of the lake 
was still westward to Lake Chicago and the Mississippi river, while the east- 
ern end of the lake covered most of the Finger Lakes region of New York. 

Modified from Taylor & Leverett, U. S. G. S. 


lobe into the Mohawk valley which was then occupied by a large 
glacial lake (held up by the Ontario ice lobe on the west and the 
Champlain-Hudson lobe on the east) and thence into the Hud- 
son valley. Thus, for the first time, the Great Lakes drainage 
passed eastward into the Atlantic ocean. This great volume of 
water draining eastward was often in the form of distinct streams 
with the ice front for north wall and the high land of the Helder- 
berg escarpment for wall on the south. Many of these glacial 
stream channels, which are still plainly visible, have been studied 
and mapped by Professor Fairchild. 
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By successive stages, due to a complete removal of ice from 
central New York and a draining of the glacial lake in the Mo- 
hawk valley, the waters dropped to below Warren level until Lake’ 
Iroquois was formed (see figure 33). The old beach line of this | 
lake is still plainly visible in New York and with some slight inter- 
ruptions has been traced from near the mouth of Niagara river to 
just north of Rochester, past Syracuse, along the south, east, and 
north sides of Oneida lake, and thence along the western base of 
the Tug Hill plateau to near Watertown. The well-known ridge 
road between Niagara river and Rochester is built on the old 


Fic. 33 The Algonquin-Iroquois stage of Great Lakes history when the 
ice had retreated far enough to open the outlet through the Mohawk valley. | 
After Taylo, 


Iroquois beach deposit. Lake Iroquois covered somewhat more 
than the present area of Lake Ontario, and the distinctly lower 
water level here than in the Erie basin allowed the modern Niagara 
river to begin its history by flowing northward over the limestone 
plain near Buffalo. Meantime the waters of the upper lake basins 
had merged to form Lake Algonquin which at first probably dis: 
charged past Detroit through the Erie basin and into Lake Troaudl 
by way of Niagara river. Later, however, when the ice had wit 

drawn a little farther northward, a lower outlet was opened th ! 
the Trent river by which Lake Algonquin drained into L 
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Iroquois. We know that the old Trent river channel is now higher 
than the Detroit outlet, but some of the proofs for the existence 
of the Trent outlet are as follows: the presence there of a large, 
distinct river channel; the convergence of the beaches toward that 
channel; and the fact that the land was then considerably lower on 
the north or northeast side of Lakes Ontario and Erie than on the 
south side. For example, in following the old Iroquois beach we 
find that it now gradually rises to higher levels until, even at 
Watertown, it is several hundred feet higher than near the mouth 
of the Niagara river. This tilting of the beach has been due to 
raising of the land since the lake existed, and it is evident therefore 
that during the Algonquin-Iroquois stage the Trent river channel 
was lower than that past Detroit. During this Lake Iroquois stage 
the waters of all the Great Lakes region discharged through the 
Mohawk-Hudson valleys, and the volume of water which flowed 
past Rome, Utica, and across the preglacial divide at Little Falls 
must have been as great, if not greater, than that which now goes 
over Niagara Falls. Much of the gorge cutting at Little Falls was 
accomplished by this great volume of water. The St Lawrence 
valley was still buried under the ice. 

Still later the ice withdrew enough to allow the Algonquin- 
Iroquois waters to discharge along the northern base of the Adi- 
rondacks and into what appears to have been ice-ponded waters in 
the Champlain basin, and thence southward into the Hudson valley. 
The Mohawk river outlet was thus abandoned. 

Finally the ice retreated far enough to free the St Lawrence 
valley when the waters of the Great Lakes region dropped to a still 
lower level, bringing about the Nipissing Great Lakes stage (see 
figure 34). The Nipissing lakes found a low outlet through the 
Ottawa river (then free from ice) and into the Champlain arm of 
the sea. Postglacial warping of the land brought the Great Lakes 
region into the present condition, but this, and the Champlain sub- 
sidence, being really postglacial features will be described toward 
the end of the chapter. 

Other existing lakes and their origin. Counting all, from the 
smallest to the largest, there are within the borders of New York 
State thousands of lakes, which constitute one of the most striking 
differences between the geography of the present and that of pre- 
glacial time. These lakes are widely scattered over the State though 
there are three general regions worthy of particular mention as 
follows: the Finger lakes region of western New York; the Adi- 
rondack mountains; and the southeastern portion of the State. 
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The linear type of lake is by far the most common, this being pre- 
eminently true of the Finger lakes and to a large extent of the 
Adirondacks. It is well known that most of the larger lakes, espe- 
cially those of the linear type, occupy portions of preglacial stream 
channels. All the existing lakes are due, either directly or indi- 
rectly, to glacial action, and among the ways by which such bodies 
of water were formed are these: by building dams of glacial drift 
across old river channels; by ice erosion; and by the filling of the 
numerous depressions which were formed by irregular deposition | 
of the drift (kettle holes, etc.). Hundreds of small lakes, often 
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Fic. 34 The time of the Nipissing Great Lakes and Champlain submer- 
gence. The shaded area on the east was covered by sea water. 
After Taylor 


not more than mere ponds in size, belong to the last named type, 
while most of the large lakes are due chiefly to the existence of drift 
dams. 

Much has been written concerning the origin of the Finger lakes, 
and only the briefest summary will here be given. All are agreed 
that the lakes of this remarkable group occupy preglacial valleys, 
most of which, at least, contained north-flowing streams. These 
lakes have dams of glacial drift across their lower (north) ends, 
and the dams have largely contributed to the formation of the lakes, 
being in some cases perhaps the sole cause of the lakes. In the 
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cases of the two largest lakes, Seneca and Cayuga, there is, how- 
ever, strong evidence that the preglacial channels were notably 
deepened by ice erosion.’ As Professor Tarr says: “ They offered 
broad channel ways, along which the ice streams moved much more 
easily than upon the neighboring irregular hilltops. Not only was 
the movement more rapid, but the depth of ice was greater. The 
position of the rocks, dipping southward, and the nature of the 
friable shales conspired toward rapid erosion; and so these north 
and south preglacial valleys were markedly deepened. Evidence of 
this comes from the side streams. The rock bottoms of the pre- 
glacial valleys of these tributary streams are not now below the 
level of the lake water in the southern part of the valley (Cayuga). 
If all the drift could be removed and the streams be allowed to 
flow along the line of the course of the preglacial valleys and enter 
the valley of Lake Cayuga as it now stands, excepting that it be 
robbed of water, they would tumble between 300 and 4o0 feet in a 
distance of about a mile, commencing their descent near the present 
lake margin, a most unnatural condition for mature tributaries 
near their mouth.”* Thus it appears quite certain that the pre- 
glacial Cayuga and Seneca valleys, at least, were notably deepened 
by ice erosion below the level of the mouths of the preglacial 
tributary streams. 

Most of the numerous Adirondack lakes have certainly been 
formed by irregular damming of preglacial valleys by glacial drift. 
It is quite the rule to find the outlets of these lakes flowing through 
such loose materials. By ice erosion many of the favorably situated 
valleys were no doubt somewhat modified, but up to the present 
time we have no good example of a lake basin produced by that 
agency. The hard Precambric rocks were not so easily eroded by 
the ice. Attention is called to the prominent lake belt in the middle 
of the Adirondack province, and running in a north-northeast by 
south-southwest direction. This belt comprises many well-known 
lakes as Placid, Saranac, Tupper, Long, Blue Mountain, Big Moose, 
and Fulton Chain lakes. Sometimes small lakes or ponds are situ- 
ated well toward mountain tops because of favorably located drift 
deposits. A good example of such lake lies at an altitude of 2620 
feet, and well toward the top of Crane mountain in Warren county. 


!The surfaces of Seneca and Cayuga lakes are respectively 444 and 381 
feet above sea level, while their deepest places are respectively 186 and 119 
feet below sea level. 

2 Tarr’s Physical Geography of New York State, p. 181-82. 
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Many of the existing Adirondack lakes were formerly of larger 
extent as proved by delta deposits above the present lake levels. 
Two lakes of this class recently coming under the writer’s observa- 
tion are Schroon lake in Warren-Essex counties, and Piseco lake 
in Hamilton county. The water of Schroon lake was once fully 
70 feet higher when it extended some eight or ten miles farther 
up the Schroon river, with a branch reaching over the area of the 
present Paradox lake, and also for some six or eight miles farther 
southward to cover all the lowland around Chestertown, and with 
a prominent branch extending over the area of the present Brant 
lake. Piseco lake was at one time clearly twenty feet higher, and 
then extended several miles farther northward. 

The valley of Lake Champlain was favorably situated for ice 
erosion, and it bears evidence of having been vigorously glaciated 
though it has not been proved that the existing closed basin is 
chiefly due to ice erosion. At the close of the Ice age, tide water 
entered the valley. The present lake basin is due principally to a 
combination of late elevation of the land, with greater uplift on 
the north; heavy glacial accumulations toward the north; and 
possibly some deepening as a result of ice erosion. 

Lake George is justly famous because, from the standpoint of 
length and depth in proportion to width, no other lake in the State 
occupies such a remarkable depression. This depression has been 
determined by ordinary erosion along lines of prominent faults. 
There was a preglacial divide where the “ Narrows” are now 
located, and this divide appears to have been considerably lowered 
by ice erosion when part of the Champlain ice lobe plowed its way 
through the deep, narrow valley. The waters are now held in by 
glacial deposits at each end. 

In southeastern New York, from the Connecticut state line west- 
ward to the southern Catskills in Sullivan county, there are many 
lakes, though all are comparatively small. With few exceptions 
these lakes appear to be of the usual drift dam type. Greenwood 
lake, at an altitude of 621 feet and passing from Orange county 
across the state line into New Jersey, is the largest in this part of 
the State. Three small lakes near the summit of Shawangunk 
mountain, and close to its eastern edge, deserving special mention 
are: Mohonk, Minnewaska, and Awosting. Mohonk lake, which 
1s so widely known both because of its remarkable situation and 
as a place where so many peace conferences have been held, may be 
taken as the type of the three. The altitude of this lake is more 
than 1200 feet or about 1000 feet above the base of the mountain 


ridge on which it is located. It is almost completely surrounded by 
walls of hard Shawangunk conglomerate, while the lake basin itself 
is in the soft underlying Ordovicic shales. This lake does not appear 
to owe its origin to a dam of glacial drift, but rather to ice erosion 
in the soft shales at a place where they had already been exposed 
to view before the oncoming of the ice. Such patches of shale 
occur at several places on the mountain. 

Near the very western end of the State lies another lake remark- 
ably situated. This is Lake Chautauqua, famous as the great center 
of Chautauqua assemblies. The altitude of the lake is 1338 feet, 
and its northern end is near the edge of the steep front of the 
Southwestern plateau province where it overlooks the low Erie 
plain. The drainage is southward into the Allegheny river, but the 
narrow place near the middle of the lake strongly suggests a pre- 
glacial divide there. As Tarr says: “If this view be true, Chau- 
tauqua lake is made up of parts of two valleys, one north-sloping, 
the other south-sloping, and each dammed by heavy morainic 
accumulations.” * 

Extinct glacial lakes. Hundreds of extinct glacial lakes are 
_ known to be scattered over the.State. Some of these existed only 

during the time of the ice retreat, while others persisted for a 

greater or lesser length of time after the Ice age. Lakes Warren, 
Iroquois etc., already described, were fine examples of the first type. 

North-sloping valleys were particularly favorable for the develop- 
_ ment of glacial lakes during the retreat of the ice because the ice 

front always acted as a dam across such valleys, thus allowing the 
_ waters to become ponded. When the ice front stood across the 
_ northern ends of the Finger Lakes valleys, the waters-in those 
valleys were ponded at much higher levels than they now are, and 
_ the ancient water levels are more or less clearly marked by the 
_ old beach lines. 

Perhaps the finest example of a large, wholly extinct glacial lake 
is Black lake, which occupied a good portion of the Black river 
valley on the western side of the Adirondacks. This lake, small at 
_ first, was formed by ponding the waters in the upper Black river 
valley around Forestport, Oneida county, in front of the waning 

(northward retreating) ice lobe in the Black river valley. Its first 
_ discharge was probably southward past Remsen. Further retreat 
of the ice lobe permitted an enlargement of the lake to the region 
around Boonville, and the discharge was then southward along the 
channel of the present Lansing kill. The deep, narrow gorge a 
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1Tarr’s Physical Geography of New York State, p. 205. 
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few miles south of Boonville, along this stream, was mostly cut by 
the fairly large stream which drained the glacial lake at this stage. 
The southward discharge through this channel appears to have 
been into the Lansing Kill lake where a delta deposit was formed 
a few miles north of Rome and now the site of the Delta reservoir. 
Lansing Kill lake in turn drained through the Mohawk Valley. 
Still further retreat of the ice lobe allowed Black lake to ex- 
pand greatly until it reached from the region around Forestport 
to north of Lowville, when it had a width of from five to ten miles. 
When the ice withdrew enough to permit a discharge of water 
around the north base of Tug hill, and into Lake Iroquois, the level 
of the lake rapidly fell until the ice barrier was completely removed. 
The former presence of this great glacial lake is conclusively shown 
by the extensive development of unquestioned delta deposits. 
Where the streams from the Adirondacks, especially the larger 
ones such as Black, Moose, and Independent rivers, emptied into 
the lake, delta deposits were rapidly built up to near the lake sur- 
face because those streams were heavily charged with debris from 
the newly drift-strewn mountains. These delta deposits became 
more or less merged, and they show a remarkable concordance of 
altitudes over the sand flat or sand plain country on the east side of 
Black river. This great delta deposit is several miles wide; very 
flat-topped except where trenched by postglacial streams; presents 
a steep front toward the river; and shows a depth of from 200 to 
250 feet along the western edge. Figure 35 clearly shows the rela- 
tion of the delta deposit to the old rocks of the valley. 


Glacial Jake delta deposit. (LJ) Trenton simestone 
Oswego sandstone ESS 2emelia-Lowville limestone 
Lorraine shale & sandstone EA Rkozoe strate (concealed) 
Ej] Utica shale ES) Pecembrie rocks 


Fic. 35 East-west section across the Black river valley, 2% miles north 
of Lyons Falls, showing the terraced character of the Paleozoic strata and 
their relations to the Precambric Adirondack rocks. On the east side, the 
position of the glacial lake delta deposit is shown. Length of section 12% 
miles. Vertical scale greatly exaggerated. 

After W. J. Miller, N. Y. State Mus. Bul. 135 
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In many cases where the edge of an ice lobe extended across the 
mouth of an east, or west, or even south-sloping valley, glacial 
lakes were formed. A fine example of a glacial lake (now extinct) 
formed in a south-sloping valley has been called glacial Lake Sacan- 
daga which covered many square miles of the bottom of the broad, 
deep valley in which Johnstown, Gloversville, and Northville are 
located. Through this valley, which has a width of several miles 
and a maximum depth of over a thousand feet, the preglacial 
Sacandaga flowed southward into the Mohawk. During the gen- 
eral ice retreat, but when the Mohawk glacial lobe was still present, 
morainic deposits along the margin of the ice lobe formed an 
effective barrier across the mouth of the valley thus ponding the 
waters over the valley bottom and causing the Sacandaga to find 
an outlet northeastward over the low divide at Conklingville. The 
altitude of the lake corresponded approximately with the present 
780 foot contour line, though it is quite certain that the land was 
then somewhat lower. This lake persisted for a good while after 
the disappearance of the ice because of the effective drift dam, 
and even today, in the spring of the year, a number of square miles 
of swamp in the lowest part of the valley are flooded. The lake 
was drained by cutting down the divide at Conklingville. It is 
interesting to note in passing that the construction of the proposed 
Sacandaga reservoir, by means of a dam at Conklingville, would 
almost exactly restore this former glacial lake. 

Many other glacial lakes are known to have been formed by 
ponding of water alongside the waning Mohawk ice lobe. During 
the melting of the ice tongue from the Hudson and Champlain 
valleys, many small glacial lakes are also known to have been 
formed in the tributary valleys because of ice dams across them. 

New York State fairly abounds in such extinct glacial lakes, and 
though comparatively few have yet been described, they are usually 
easily recognizable by means of the typical, flat-topped, delta 
deposits of crudely stratified sands, gravels and clays. 

Drainage changes, gorges, and waterfalls. Along with its 
lakes, New York State is also famous for its numerous gorges and 
waterfalls, which are also largely due to the great Ice age. As a 
result of the very long preglacial erosion period, it is perfectly 
clear that typical, steep-sided, narrow gorges and true waterfalls 
must have been very uncommon, if present at all. Like lakes, such 
features are ephemeral because, under our conditions of climate, 
gorges soon (geologically) widen at the top and waterfalls dis- 


appear by retreat or by wearing. away the hard rock over which 
Bey fall. 


108 NEW YORK STATE MUSEUM 


Drainage changes, aside from those already described in con- 
nection with the history of lakes, are also numerous in New York. 
It must be remembered that, with few exceptions (for example, the 
basins of Lakes Ontario and Erie, Niagara river, and possibly the 
St Lawrence river), the major drainage lines of the State were 
little changed during the Ice age because the principal valleys were 
mostly the same before and after glaciation. It is the present 
purpose briefly to describe only some of the most important and 
best known cases of stream changes due to the Ice age.” 

From the standpoint of both geography and human history, the 
gorge at Little Falls is the most important in New York State (see 
figure 7 and plate 42 and also the description in chapter 2). Before 
the Ice age there was a divide, instead of the gorge, several hun- 
dred feet above the present river level, which consisted of hard ~ | 
Little Falls dolomite. The prominence of this rock barrier was 
greatly increased by the tilting of the strata due to the development 
of the Little Falls fault. The Mohawk river flowed eastward, and © 
the now extinct Rome river flowed westward, from this divide (see 
figure 36). During the Ice age the divide was somewhat lowered | 
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Fic. 36 .Sketch map of central New York, showing the relation o1 pre- 
glacial to postglacial drainage. Preglacial streams shown by dotted lines only 
where essentially different from existing streams. : 

Based upon wo.k of A. P. Brigk : 


1All the drainage changes now to be described will be much better under- 
stood by consulting the large government topographic maps of the regions 
considered. 


SEG Ses [ng “snyy 29BIg “AN Woagy 


SI[e IVT FO 91e AATI 9Y} FO opis s9ypIO uO s]pIY 


ddays oy 


aytyM ‘(aqztuods) 


IO 


SnooUust 


juny ‘g oy] wo 
w0}}0q oY} UT “AWS 24} FO Jed Uraysvo 94} WOT JOATI YMLVYOYW ou} dn SULOO] Sep pay] 


tT os. 
JO MOTA [Btouar) 


\ 
r 


THE GEOLOGICAL HISTORY OF NEW YORK STATE 109 


by ice erosion, and during the Algonquin-Iroquois stage of the 
Great Lakes history, we have learned that these lakes discharged 
through the Mohawk valley and across the Little Falls divide. It 
was the passage of this great volume of water over the divide 
which caused the cutting of most of the gorge as we now find it, 
except for the narrow trench in the hard, underlying Precambric 
rock which is no doubt due to postglacial erosion. During the 
Iroquois stage an arm of the lake extended along the valley from 
Rome to Little Falls. All the streams from north and south which 
entered this arm of the lake were heavily charged with debris from 
the newly drift-covered regions and, the current not being strong 
enough to carry away the debris, the valley from Rome to Little 
Falls was built up (aggraded) to such an extent that, after the dis- 
appearance of Lake Iroquois, the drainage from Rome was able to 
continue eastward. Thus we have here a very fine example of 
exact reversal of drainage directly due to glaciation and by this 
means the upper waters of the Mohawk were added to the pre- 
glacial Mohawk. 

Closely associated with the above is the postglacial history of 
West Canada creek and the famous chasm at Trenton Falls. The 
preglacial West Canada creek flowed from Prospect (upper end 
of Trenton chasm) past Holland Patent, through the valley of the 
present Nine Mile creek, and into the Rome river opposite the 
village of Oriskany. This channel was completely blocked by 
glacial drift at Prospect so that the creek was forced to find a new 
course southward over the limestone at Trenton Falls, and thence 
southeastward to its present mouth at Herkimer. The gorge, be- 
tween Prospect and Trenton Falls villages, is 21% miles long and 
from 100 to 200 feet deep, and has been cut into the Trenton lime- 
stone by the postglacial stream. It contains five or six waterfalls 
ranging in height from 10 to 126 feet, the total drop of the water 
in the 2%4 miles of the gorge being 360 feet (see plates 43 and 44). 

In the southeastern Adirondacks, the upper waters of the Hudson 
river present some very interesting examples of drainage changes. 
In fact, it is not too much to say that the larger drainage features 
of that region have been well nigh revolutionized as a result of 
glaciation. The accompanying sketch map (fig. 37) gives a fair tdea 
of the changes, but reference to the State geologic map and to the 
topographic maps of the region is greatly to be desired. The State 
geologic map shows two distinct embayments of Paleozoic rocks 
forming valleys which extend northward, one to Northville and 
the other to Corinth, and into the mass of Precambric rocks of the 
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Adirondacks. It is certain that these valleys contained important 
preglacial streams which flowed southward out of the mountains. 
Now, however, the Sacandaga river enters the north end of the 


SCALE % 


Fic. 37. Sketch map of the southeastern Adirondack region, show- 
ing the relation of the preglacial drainage to that of the present. Preglacial 
courses shown only where essentially different from present streams. 


After W. J. Miller, Bul. Geol. Soc. Am., vol. 22 
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first named valley only to make a very sharp turn back on its 
course to flow across the mountains and into the Hudson at 
Luzerne. A preglacial divide was located at Conklingville as 
shown by the gorge there; the perfectly graded condition of the 
valley bottom westward from that place; and the flaring of the 
valley westward. This remarkable deflection of the river was 
caused by the building of a morainic blockade across the southern 
end of the Paleozoic rock valley from Broadalbin to Gloversville. 
The peculiar courses of Hans and Kennyetto creeks are thus also 
easily explained. 

‘The Hudson river now flows through a gorge more than’ 1000 
feet deep just above Stony Creek station, and thence to the north 
end of the Paleozoic rock valley at Corinth where it turns abruptly 
to the northeast to flow across the Luzerne mountain ridge. The 
preglacial Hudson certainly did not flow through the Stony creek 
gorge, but rather, where the gorge now is, there was an important 
_ divide. Among other proofs for this former divide are: the deep, 
narrow gorge of recent origin; the flaring of the valley both north- 
_ ward and southward from the gorge; and the anomalous turns of 
' both the Hudson and Schroon rivers toward the southwest through 
a highland region of hard rock, instead of southeastward across 
the much lower land between Warrensburg and Lake George. The 
most probable preglacial channel was past Warrensburg, Caldwell, 
and Glens Falls as shown on the map. The now extinct Luzerne 
river started on the Stony creek divide, and flowed southward past 
_ Corinth and thence through the Paleozoic rock valley to the west 
of Saratoga Springs. The cause of the passage of the Hudson over 
the Stony creek divide was partly due to a lowering of the divide 
by ice erosion, but mostly to the fact that during the ice retreat the 
ice lobe in the Lake George depression forced the Hudson river to 
take a more westerly course which was continued after the melting 
of the ice. The deflection of the river across the Luzerne mountain 
_ divide was certainly caused by heavy drift accumulations in the 
Paleozoic rock valley south of Corinth. 

The famous Ausable chasm in Clintdn county is a fine illustra- 
tion of a deep, narrow gorge cut through the Potsdam sandstone 
by the Ausable river since the Ice age. The river was deflected 
from its preglacial channel by heavy drift filling. 

According to evidence recently presented by Fairchild, the lower 
portion of the Black river did not flow, as now, westward past 
Watertown and into the Ontario basin, but continued northward 
to northeastward into the St Lawrence valley and in perfect 
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harmony with the rock structures and other drainage lines. The 
diversion from the preglacial course was due to heavy glacial accu- 
mulations between the villages of Black River and Evans Mills. 

The deep, narrow gorges which have been cut through the steep 
eastern and northeastern fronts of the Tug Hill plateau are com- 
monly called “ gulfs.” Of these the Whetstone gulf (see plate 8) 
is the most interesting and though little known it-is one of the 
finest examples of its kind in the State. Its length is two miles, 
and for one mile it shows a depth of 300 feet. The walls are 
very steep-sided to nearly vertical, especially in the upper end 
(narrows) where there is just room enough for the swift stream 
at the bottom. This gulf is certainly postglacial in origin and has 
been cut into the soft Lorraine and Utica shales. During glacial 
times the shales were eroded back by the ice (see above) caus- 
ing the development of the steep eastern front of Tug hill. 
After the ice disappeared, all east-bound streams from Tug hill, 
not in their preglacial channels, rushed over the steep shale front 
and began to erode notches into its summit. These notches were 
rapidly deepened in the soft shales to form the gulfs whose heads 
have since been cut back to their present positions. 

The world famous Niagara Falls and gorge are wholly post- 
glacial in’ origin. After plunging 167 feet at the falls, the river 
rushes for 7 miles through the gorge whose depth is between 200 
and. 300 feet (plates 47, 48, 49 and 50). When the glacial waters 
in the eastern Great Lakes region had dropped to the Iroquois level, 
the Niagara limestone terrace in the vicinity of Buffalo and with 
steep escarpment or northern front at Lewiston and Queenston, 
ceased to be covered by lake water, and the Niagara river came 
into existence by flowing northward over this limestone plain. The 
river first plunged over the escarpment at Lewiston and Queenston, 
thus inaugurating Niagara Falls there. Since that time the falls 
have receded the 7 miles up stream to their present position. In 
figure 38 we see that soft shales underlie the hard layer of Niagara 
limestone, and the recession of the falls has clearly been caused by 
the breaking off of blocks of limestone due to undermining of the 
soft shales. A glance at the map (plate 50) will show that the 
gorge development is really taking place on the Horseshoe falls’ 
side where the volume of water is much greater, and that in a 
short time, geologically considered, the American falls will be dry. 
The rocks exposed in the gorge walls are Niagara limestone, under 
which in regular order come Niagara (Rochester) shale, Clinton 
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Plate 49 
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The Whirlpool rapids and American bank of Niagara gorge, looking north. The rocks 
fe nearly horizontal strata of Siluric age consisting of Lockport or Niagara limestone 
forming uppermost cliff) followed downward by Rochester shale, Clinton limestone and 
e (exposed near middle of bank), and Medina sandstone and shale. The gorge is 
250 feet deep. From N. Y. State Mus. Bul. 45, pl. 10 
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Portion of the Niagara Falls (U. S. G. S.) quadrangle, showing the posi- 
tion of the Falls, the long, narrow gorge cut through the very level Ontario 
plain, the position of the Whirlpool and the “ Niagara escarpment” at \ 
Queenston. Scale, about 1 mile to the inch. ' 
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“shale, and Medina shale and sandstone. These formations show 
only a slight southward dip or tilt. 
_ The Genesee river from its source to Portageville, Wyoming 
county, appears to be in a mature preglacial valley. Near Portage- 
' ville, however, the river plunges into a deep, narrow, rock gorge 
pof postglacial origin, which continues for 25 miles to Mount Morris. 
_ This gorge has been cut through soft Devonic shales and shalv 
_ sandstones, and its walls are mostly nearly vertical, often rising to 
heights of several hundred feet. The three noted Portage falls 
(see plate 51) are situated just below Portageville, the upper falls 


eters 


the character and position of the rock forma- 


tions and the depth of water below the falls. 
After Gilbert 


plunging 66 feet, the middle falls 110 feet, and the lower falls 96 
feet. According to Grabau, the preglacial course between Portage- 
ville and Mount Morris was farther westward along the present 
Oatka creek. A second postglacial gorge is entered at Rochester. 
and this continues for 7 miles to the mouth of the river. Here, 
also, are three falls, the first over Niagara limestone being 98 feet, 
‘the second over Clinton shale and limestone being 20 feet, and the 
third over Medina sandstone being 105 feet. The preglacial chan- 
nel here was probably a little to the east and through Irondequoit 
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In the southern Finger lakes region of south-central New York 
there are numerous postglacial gorges, a few of the best knowr 
ones being: Watkins and Havana glens near the southern end of 
Seneca lake, Taughannock gorge on the west side of Cayuga lake 
and in northern Tompkins county, and the gorges of Butternut 
(Enfield), Fall, Six Mile, and Buttermilk creeks in the vicinity of 
Ithaca. These gorges all contain waterfalls and have been cut 
into Devonic shales or sandy shales by streams which have been 
either partly or wholly diverted from their preglacial courses due 
to heavy drift filling. In some cases, as at Watkins and Taughan- 
nock, the main north-south Seneca and Cayuga valleys were scoured 
and somewhat deepened by ice erosion, while in all cases the tribu- 
_ tary channels were heavily drift filled, thus accounting for the 
frequent postglacial diversion of these streams which were forced 
to cut new channels into the steep slopes facing the main valleys. 

Watkins glen is several miles long, often very narrow, and with 
a maximum depth of over 300 feet. Taughannock gotge, which is 
one and a quarter miles long and with greatest depth of about 350 
feet, has in it Taughannock falls whose height is 215 feet and which 
takes rank as the highest true waterfall in New York State (see 
frontispiece). Fall creek gorge, on the north side of Cornell 
campus, is about a mile long and with greatest depth of about 200 
feet, and contains Triphammer and Ithaca falls. The Butternut 
creek (Enfield) gorge is two miles long and with maximum depth 
of over 300 feet. 

In Chautauqua county there are numerous gorges or so-called 
gulfs which have been cut through the steep front or escarpment 
of the western border of the Southwestern plateau province. A 
fine example is the gulf south of Westfield, which is several miles 
long and from 300 to 400 feet deep. These are also postglacial 
channels which have been worn into the soft Devonic shales. The 
steepness of the shale escarpment here, as in the case of Tug hill, 
was more than likely produced by ice erosion, while the preglacial 
north-flowing streams had their channels partially or completely 
filled with glacial debris so that the streams now often flow in 
postglacial channels. The conditions are here very similar to those 
of the Finger lakes region already described. 

Length of time since the Ice age. Estimates of the duration 
of the glacial epoch by the most able students of the subject vary 
from 500,000 to 1,500,000 years, these estimates being based on 
such criteria as amount of erosion and weathering of the earliest 
till sheets (in Mississippi valley), times necessary for the various 


GT 1d TT IM “St OFFS “AN Wor 
‘UIBIIO UI [eTORTsIsod st e8108 oy, ‘e8e (DtuoAaq) oe8ej}IOg JO sauojspuRs pue sajeYys IB SxIO4 posodxa ou} 
pue YySiy jooy OII ore sey oy, ‘ayflAesej1og MoOyeq ysnf JoAtI vasousr 9} FO 98105 IY} PUY s]{[e} OPP 


Plate 52 
| 


4 Triphammer falls and gorge at the edge of Cornell University campus, 
Ithaca, N. Y. The rocks are dark, thin bedded shales of Lower Portage 
(Devonic) age. The gorge is postglacial in origin. 

From"N. Y. State Mus. Bul, 19, pl. 81 
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advances and retreats of the ice sheets etc. Although a closer 
calculation is well nigh impossible because of the variability of the 
factors involved from time to time, it is nevertheless certain that, 
from the geological standpoint, the Ice age was of short duration, 
while, from the standpoint of known human history, it was 
immensely-long. . 

Estimates of the length of time since the close of the Ice age 


are perhaps more satisfactory, though it must be remembered that 


the close of the Ice age was not at the same time for all places. 
The ice retreated northward very slowly and when, for example, 
southern New York was free from the ice, northern New York was 
still glaciated. The best estimates for the length of time since the 
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Fic. 39 Sketch map showing the relation of the crest of 
Niagara Falls in 1842 to that of 1905. Based upon actual 
surveys. The retreat of the inner portion of the Horseshoe 
Fall was more than 300 feet. 

Modified after Gilbert, U. S. G. S. Bul. 306, p. 20 


close of the Ice age in New York State are based upon the rate 
of recession of Niagara falls. We have learned that the Niagara 
river began its work about the time the glacial waters in the Erie- 
Ontario regions had dropped to the Iroquois level, and that the 
falls were first formed by the plunging of the river over the Niagara 
limestone escarpment at Queenston and Lewiston. Studies based 
upon actual surveys, drawings, daguerreotypes, photographs etc. 
made between the years 1842 and 1905, have shown that the Horse- 
shoe fall had receded about 5 feet a year, while the American fall 
between 1827 and 1905, had receded about 3 inches a year. Thus 
the gorge cutting is clearly taking place on the Canadian side. The 


116 NEW YORK STATE MUSEUM 


length of the gorge is 7 miles, and if we consider the rate of reces- 
sion to have been always 5 feet a year, the length of time necessary 
to cut Niagara gorge would be something over 7000 years. But 
the problem is not so simple, since we know that at the time of, or 
shortly after, the beginning of the river, the upper lakes drained 
out through the Trent river, and then still later through the Ottawa 
river. So it is evident that, for a good part of the time since the 
ice retreated from the Niagara region, the volume of water passing 
over the falls was notably diminished, and hence the length of time 
for the gorge cutting increased. The best estimates for the length 
of time since the ice retreated from the Niagara region vary from 
7000 to 50,000 years, an average being about 25,000 years. In a 
similar way the time based upon the recession of St Anthony’s 
falls, Minnesota, range from about 10,000 to 16,000 years. While 
closer estimates are practically impossible, it is at least certain that 
the time since the Ice age is far less than its duration, and that, 
for the region of New York State, the final ice retreat occurred 
only a very short time ago. 

When we consider the slight amount of weathering and erosion 
of the latest glacial drift, we are also forced to conclude that the 
time since the close of the Ice age in New York is to be measured 
only by some thousands of years. Thus kames, drumlins, extinct 
lake deltas, and moraines with their kettle holes have generally 
been very little affected by ice erosion since their formation. 

Champlain subsidence and recent elevation of New York 
State. We have already shown that at about the beginning of 
the glacial epoch the region of New York State, especially along 
the eastern side, was much higher than it is today, positive proof 
for this being afforded by the submerged Hudson river channel 
which must have been cut when the land was higher. Toward the 
close of the Ice age and shortly after (Champlain epoch), we know 
that the land had subsided to a level even lower than that of today. 
It was during this period of subsidence that the lower Hudson and 
St Lawrence channels were submerged and the sea coast was 
transferred to more nearly its present position. But as the land 
was even lower than now, the lowlands of Long island and in the 
vicinity of New York City were under water and a narrow arm 
of the sea extended through the Hudson and Champlain valleys 
to join a broad arm of the sea which reached up the St Lawrence 
valley and even into the Ontario basin (see figure 34). This Cham- 
plain sea existed at the time of the Nipissing Great Lakes already 
described. Champlain sea beaches, containing marine shells and 
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the bones of walruses and whales, have been found at altitudes of 
about 400 feet near the southern end of Lake Champlain, to 500 
feet at its northern end, and 600 or more feet at the eastern end 
of Lake Ontario. In the lower Hudson river valley the deposits 
of this age are about 70 feet above sea level, and at Albany a little 
over 300 feet. The altitudes of these so-called raised beaches show 
how much lower the land was during the time of greatest sub- 
mergence, and that the subsidence was most toward the north. 
The most recent movement of the earth’s crust over the area 
of the State was the very recent gradual elevation which expelled 
the Champlain sea and left the land at its present altitude. The 
altitudes of the raised Champlain beaches show that the greatest 
elevation was on the north. The warping of the Iroquois beaches 
already described occurred at this same time. Actual surveys dur- 
ing the past century have proved that the upward movement in the 
northern Great Lakes region is still progressing at the rate of 5 
inches in 100 miles in 100 years. 


APPENDIX 


CONSTRUCTION AND USES OF GOVERNMENT CONTOUR 
MAPS 


A number of plates, comprising portions of government topo- 
graphic (contour) maps, have been introduced into this book for 
the purpose of illustrating the typical relief features of various 
parts of the State. Since many persons are not familiar with these 
maps and their uses, a brief explanation is here given. / 

These topographic maps, which are called sheets or quadrangles, 
are rectangular in shape and bounded by latitude and longitude 
lines. The size of each map is about 17% inches high by 11% to 
16 inches wide, the latter varying with the latitude. In New York 
State the scale is nearly always I to 62,500 or nearly one mile to 
the inch, such a sheet or quadrangle covering an area of just one- 
sixteenth of a square degree. The most valuable feature of these 
maps is the fact that the surface configuration (relief) of the 
country is so accurately shown, this feature being explained by the 
accompanying figures and the following description which is gen- 
erally found printed on the back of each map: “ Relief is shown 
by contour lines in brown. Each contour passes through points 
which have the same altitude. One who follows a contour on the 
ground will go neither up hill nor down hill, but on a level. By 
the use of the contours not only are the shapes of the plains, hills, 
and mountains shown, but also the elevations. The line of the sea 
coast itself is a contour line, the datum or zero of elevation being 
the mean sea level. The contour line at, say, 20 feet above sea 
level is the line that would be the sea coast if the sea were to rise 
or the land to sink 20 feet. Such a line runs back into the valleys 
and forward around the points of hills and spurs. On a gentle 
slope this contour line is far from the present coast line, while on 
a steep slope it is near it. Thus a succession of these contour lines 
far apart on the map indicates a gentle slope; if close together, a 
steep slope; and if the contours run together in one line, as if each 
were vertically under the one above it, they indicate a cliff... . 
The contour interval, or vertical distance in feet between one 
contour and the next, is stated at the bottom of each map. This 
interval varies according to the character of the area mapped; in a 
flat country it may be as small as 5 feet; in a mountainous region 
it may be 200 feet. Certain contours, usually every fifth one, are 
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accompanied by figures stating elevation above sea level. The 
heights of many definite points, such as road corners, railroad sta- 
tions, railroad crossings, summits, water surfaces, triangulation 
stations, and bench marks, are also given. The figures in each 
case are placed close to the point to which they apply, and express 
the elevation to the nearest foot only... . All water features are 
shown in blue, the smaller streams and canals in full blue lines, 
and the larger streams, lakes, and the sea by blue water lining. . . 
The works of man are shown in black, in which coloring all letter- 


Fic. 40 Ideal sketch and corresponding contour map (U. S. 
Gab). 


ing also is printed. . . . Houses are shown by small black squares 
which in the densely built portions of cities and towns merge into 
blocks. Roads are shown by fine double lines, trails by single 
dotted lines, and railroads by full black lines with cross lines. 
Other cultural features are represented by conventions which are 
easily understood. The sheets composing the topographic atlas are 
designated by the name of a principal town or of some prominent 
natural feature within the quadrangle and the names of the adjoin- 
ing published sheets are printed on the margins. They are sold 
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at ten cents each when fewer than 50 copies are purchased, but 
when ordered in lots of 50 or more copies, whether of the same 
or of different sheets, the price is six cents each.” 

These maps are published by the United States Geological Sur- © 
vey, and orders for them should be sent to the director of that. 
bureau at Washington, D.C. The order should be accompanied by 
cash or a post office money order. Each quadrangle has a special 
name by which it must be ordered. A large portion of New York © 
State has been covered by such topographic surveys and, in order 
to know how to get the map covering a given region, reference 
should be made to the Index to Atlas Sheets for New York State. 
This index may be procured free of charge by dropping a post 
card to the Director of the United States Geological Survey. 

The value of these maps to teachers of geography and physical ~ 
geography would be difficult to overestimate, and every school 
should have a supply of these maps readily accessible. For the 
teaching of home geography as well as that of other parts of the 
State, for example, Niagara Falls, the Thousand Islands, New York 
City and vicinity, etc., no other map is comparable because, in addi- — 
tion to the ordinary features, the relief (topography) of the land is 
shown in detail. In other states, also, many places of importance 
or geographic interest have been covered by such maps. 


BIBLIOGRAPHY 


This bibliography includes only the bulletins and papers of a 
more general character dealing with the physical features of New 
York State. There is no attempt at completeness. An extended 
list of all State Museum publications is given at the end of this 
bulletin, but many important, though technical or special, publica- 
tions of the State Museum are not named in this chapter. The 
most exhaustive lists of papers dealing with the geology of New 
York, both those issued by the New York State Museum and pub- 
lished elsewhere, are to be found in United States Geological Sur- 
vey Bulletins 127, 188, 189, 301, 372, 409, 444 and 495, covering 
the years 1732 to 1910 inclusive. For still later years other bulle- 
tins will appear. By referring to “ New York” in the index, the 
subjects and regions treated may be readily found. Numerous ref- 
erences are also given in Tarr’s Physical Geography of New York 
State. The reader who desires to know what scientific publications 
of the New York survey refer to a given subject or region should 
address the Director of the State Museum, Education Building, 
Albany, N. Y. 
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Miller, W. J. Geology of the Remsen Quadrangle includ- 
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Natural History Survey of New York. Division 4 (Geology). 


1842-43 


For this survey the State was divided into four districts and 
the reports cover all the counties of the State. 
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I pt 1 Mather, W. W. First Geological District. 1843 
2 pt 2 Emmons, E. Second Geological District. 1842 
3 pt 3 Vanuxem, L. Third Geological District. 1842 _ 
4 pt 4 Hall, J. Fourth Geological District. 1843 
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— & Rowe, R. B. Geology of the Eastern Helderbergs. 
N. Y. State Geol.'Rep’t 17, p. 329-54. 1897 

Randall, F. A. Report on the Geology of Cattaraugus and Chau- 
tauqua Counties. N. Y. State Geol. Rep’t 13, p. 517-27. 
1894 

Ries, H. Geology of Orange County. N. Y. State Geol. Rep’t 
15, P. 393-475. 1897 

Smyth, C. H. General and Economic Geology of Four Town- 
‘ships in St Lawrence and Jefferson Counties. N. Y. State 
Geol. Rep’t 13, p. 491-515. 1894 

—— Report on the Crystalline Rocks of St Lawrence County. 
N. Y. State Geol. Rep’t 15, p. 477-97. 1897 

— Report on Crystalline Rocks of the Western Adirondack 
Region. N. Y. State Geol. Rep’t 17, p. 469-97. 1899. 

— Geology of the Crystalline Rocks in the Vicinity of the St 
Lawrence River. N. Y. State Geol. Rep’t 19, p. 183-104. 
IQOI 

Tarr, R. S. Hanging Valleys in the Finger Lakes Region of 
Central New York. Amer. Geol., 33: 271-91. 1904 

Watson, T. L. Some Higher Levels in the Postglacial Develop- 
ment of the Finger Lakes of New York State. N. Y. State 
Mus. Rep’t 51 (1), p. r55-117. 1899 

Veatch, A. C. Outlines of the Geology of Long Island. U. S. 
G. S., Professional Paper 44, p. 53-85. 1906 
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Acadian limestone, 13 

Adirondack mountain province, 15 

Adirondacks, anorthosite, 33, 34; 
diabase, 40; eastern, faulting of, 
70-76; erosion, 39; folding of 
rocks and uplift of, 36-39; gran- 
ite-syenite rocks, 35; Grenville 
formation, 29, 30, 31; lakes, 102, 
103; pegmatites, 40; Siluric period, 
52 

Algonquin, Lake, 100 

Allegheny river, 27 

Anorthosite, 13, 33 

Appalachian mountain 
58-60 


revolution, 


‘Ausable Chasm, 43, III 


Becraft mountain, 55 
Beekmantown limestone, 13, 46 
Berkey, C. P., cited, 49, 68, 79 
Berkshire hills, 47, 48 
Bibliography, 120-26 

Black lake, 105, 106 

Black river, 27, 82, I11 

Black River limestone, 13, 46 
Black river valley, ice erosion, 92 
Boonville, 22 

Boulder clay, 94 

Boulders, 94 

Buttermilk creek, 114 
Butternut creek, 114 


Cambric period, 41-44 

Canada, Grenville formation, 20, 31; 
igneous activity, 36 

Carbonic period, 55, 57 

Catskill mountain province, 18, 55, 
81 

Catskill sandstone, 12, 56 

Cattaraugus shale, 12 

Cayuga lake, 103 

Cenozoic history, 77-117 

Chamberlin, T. C., cited, 86 


Champlain, Lake, 81; faulted 
gion, 72; valley, 23, 27, 104 

Champlain sea, 116 

Chautauqua, Lake, 27, 105 

Chazy limestone, 13, 46 

Chemung river, 27 

Chemung sandstone, 12, 56 

Chicago, Lake, 98, 99 

Clayton, 91 

Clinton shale, 12, 52, 54 

Cobleskill limestone, 12, 54 

Conklingville, 107, 111 

Cretacic history, 64-66 

Cretacic peneplain and 
67-70 

Cushing, H. P., cited, 73 


LC= 


its uplift, 


Delaware river, 27, 70, 84 
Delaware system, 81 

Devonic period, 55 

Diabase, 13, 39 

Dike rocks, 8; formation, 39 
Drainage, 26-28, 74-76, 81-86, 107 
Drumlins, 94 

Duluth, Lake, 98 

Dundas river, 82, 97 


Earthquakes, results, 9 
Elevations, changes in, 9 
Eocene, 77 

Erie, Lake, 81, 96, 98 

Erie basin, 27 

Erie-Ontario plains province, 21 
Erosion, effects of, 10 

Erratics, 94 


Fairchild, H. L., cited, 111 

Fall creek, 114 

Finger lakes, 27, ro1-3 

Fossils, 47, 57 

Frankfort shale and sandstone, 13, 


46 


127 


2 
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Gabbros, 13, 36 

Genesee river, 27, 83, 113 

Genesee shale, 12, 56 

Geolagy, defined, 7 

Geologic time scale, 11 

Geology, defined, 7 

George, Lake, 104 

Georgian slate and quartzite, 13 

Glacial boulders, 94 

Glacial lakes, extinct, 105 

Glacial period, 87-117; duration, 114 

Gorges, 107 

Gouverneur marble, 30 

Grabau, A. W., cited, 82, 113 

Granite, 13, 34 

Great Lakes, history, 96-101 

Great Lakes region, upward move- 
ment, I17 

Green mountains, 47, 48 

Greenwood lake, 104 

Grenville formation, 29-33; distri- 
bution, thickness, and age, 31; up- 
lift, 37 

Grenville metamorphosed sediments, 
13 

Grenville ocean, life in, 32 

Ground moraine, 94 

Guelph dolomite, 12, 54 

Gulfs, 112 


Hamilton shale, 12, 56 

Hans creek, III 

Havana glen, 114 

Helderberg escarpment, 16, 21, 52, 
55 

Helderberg limestone, 12, 55 

Highlands-of-the-Hudson, 24, 48, 
49; Grenville formation, 20, 31; 
igneous activity, 36 

Hudson river, 26, 79, 84; lower 
channel submerged, 116; pregla- 
cial, III 

Hudson river shales and sandstones, 
46 

Hudson valley, inner gorge, 85 

Hudson valley province, 23-25 


Ice age, 87-117; duration, 114 
Igneous activity, early Precambric, 
33-36 
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Igneous rocks, 8, 13 
Illinois river, 99 
Iroquois, Lake, 100, I01 
Iroquois beaches, 117 


Jurassic period, 63, 64 


Kames, 95 
Kennyetto creek, 111 
Kettle holes, 93 


Labradorean ice sheet, 88 
Lakes, see specific names of 
Lakes, Great, see Great Lakes 
Lansing Kill lake, 106 
Laurentian granite, 34 
Laurentide ice sheet, 88 

Little Falls, 19, 20, 43, 73, 101 
Little Falls dolomite, 13, 43, 44 
Little Falls gorge, 108 
Lockport dolomite, 12, 54 
Long Island, 116 

Long Island province, 25, 28 
Luzerne river, III 

Lyons Falls, 21 


Mammals, age of, 77 

Manlius limestone, 12, 54 

Maps, construction and uses, 118 

Marcellus shale, 12, 56 

Maumee, Lake, 98 

Medina sandstone and conglomerate, 
12, 51, 54 

Mesozoic, 61-76; drainage of New 
York in, 74-76; life of, 66-67 

Metamorphic rocks, 9 

Michigan, Lake, 98 

Miocene, 77. - 

Mohawk-Hudson basin, 26 

Mohawk river, 27, 80, 86; outlet, 101 

Mohawk valley, 80; faulted region, 
72; glacial history, 109 

Mohawk valley province, 19-21 

Mohonk lake, 104 

Mt Marcy, 34; altitude, 15 


New York City, 116 
New York State, recent elevation, 
116 
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Newark series, 62, 74 

Niagara Falls, recession, 
gorge, II2 

Niagara formation, 52 

Niagara river, 100 

Nipissing Great Lakes stage, 101 

North River, 42 


115; and 


Olean conglomerate, 12 

Oneida lake, 27 

Oneida sandstone and conglomerate, 
12; S1,Ps2, 54 

Onondaga limestone, 12, 56 

* Ontario, Lake, 81, 96, 100 

Ontario basin, 26 

Ontario plain, 21, 55 

Ordovicic period, 44-47 

Oriskany sandstone, 12, 55, 56 

Oswego river, 27 

Oswego sandstone, 52 

Overwash plain, 94 


Paleo-geography, defined, 8 

Paleozoic history, 41-60 

Palisades of the Hudson, 25, 62 

Passaic basin, 28 

Pegmatite, 39 

Peneplain, 10 

Physiographic provinces, 15-28 

Physiography, defined, 8 

Piedmont plateau, 47, 48 

Piseco lake, 104 

Plateau province, 16 

Pliocene, 77 

Plutonic rocks, 8 
Portage shale and sandstone, 12, 56 

* Potomac series, 65 

Potsdam sandstone and limestone, 
13, 41 

Potsdam sea, 42 

Precambric history, 29-40; late, 39- 
40 


Quaternary period, 87-117 
Raquette river, 26 


Relief features, development of, 78 
Rensselaer grit, 55 
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Rochester shale, 12 

Rocky Mountain revolution, 68 
Rome river, 80, 82, 86 

Rondout creek, 79 

Rondout waterlime, 12, 54 
Rosendale cement region, 54, 60 ~ 


Sacandaga, Lake, 107 

Sacandaga river, 80, 86, I10 

Saginaw, Lake, 99 

St Lawrence river, 82, 86; channel 
submerged, 116 

St Lawrence valley, 26, ror 

St Lawrence valley province, 22 

Salina shales, 12, 54 

Salisbury, R. D., cited, 86 

Schroon Lake, 43, 104 

Scott, W. B., cited, 590 

Sedimentary rocks, 8; Grenville 
formation, 30 

Seneca lake, 103 

Seneca river, 27 

Shawangunk conglomerate, 12, 52, 
54 

Shawangunk mountain, 25, 52, 59 

Siluric period, 51-55 

Six Mile creek, 114 

Skunnemunk mountain, 55 

Southwestern plateau province, 16, 
55 

Spencer, J. W., cited, 82 

Stony Creek divide, 111 

Superior, Lake, 98 

Susquehanna river, 27, 79, 80, 84 

Syenite, 13, 34 


Taconic mountain revolution, 47-51 

Tarr, R. S., cited, 96, 103, 105 

Taughannock gorge, 114 

Terminal moraine, 93 

Tertiary period, 77-86; drainage in, 
81-86 

Theresa formation, 43 

Thousand Islands, 22, 91 

Till, 94 

Time scale, 11 

Topographic maps, construction and 
uses, 118 
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Trent river channel, 101 Wallkill river, 79 j 
Trenton Falls, chasm, 109 Wappinger limestone, 46 
Trenton limestone and shale, 13, 46, | Warren, Lake, 99 
47 Waterfalls, 107 
Triassic period, 61-63, 74 Watkins glen, 114 
Tug Hill province, 21-22, 52, 69, 112 | Weathering, effects of, 10 
Tully limestone, 12, 56, 57 Wells, 42, 43 
West Canada creek, 80, 86, 109 | 
Utica shale, 13, 46 Westfield, 114 
Whetstone gulf, 112 
Valley trains, 94 ; White mountains, 47, 48 j 
Vernon red shale, 54 Whittlesey, Lake, 98 y 
Volcanic rocks, 8 
Vulcanism, 10 Yosts, 21, 73 
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Packages will be sent prepaid except when distance or weight renders the 
same impracticable. On 10 or more copies of any one publication 20% 
discount will be given. Editions printed are only large enough to meet 
special claims and probable sales. When the sale copies are exhausted, 
the price for the few reserve copies is advanced to that charged by second- 
hand booksellers, in order to limit their distribution to cases of special 
need. Such prices are inclosed in[ ]. All publications are in paper covers, 
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Museum annual reports 1847—date. Allin print to 1894, 50c a volume, 75c in 
cloth; 1894-date, sold in sets only; 75c each for octavo volumes; price of 
quarto volumes on application. 


These reports are made up of the reports of the Director, Geologist, Paleontologist, 
LHe angel and Entomologist, and museum bulletins and memoirs, issued as advance sections 
of the reports. 


Director’s annual reports 1904—date. 


1904. 138p. 20c. 1909. 230p. 4rpl. 2 maps, 4 charts. Out of print, 
1905. 1o2p. 23pl. 30c. 1910. 28o0p. il. 42pl. soc. 

1906. 186p. 4rpl. 25c. 1911. 218p. 4opl. soc. 

1907. 212p. 63pl. soc. I9QI2. 214p. sopl. 50c. 


1908. 234p. 39pl. map. 4oc. 
These reports cover the reports of the State Geologist and of the State Paleontologist. 
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Geologist’s annual reports 1881-date. Rep’ts 1, 3-13, 17-date, 8vo; 2, 
14-16, 4to. 


In 1898 the paleontologic work of the State was made distinct from the geologic and was 
reported separately from 1899-1903. The two departments were reunited in 1904, and are 
now reported in the Director’s report. : 

The annual reports of the original Natural History Survey, 1837-41, are out of print. 

Reports 1-4, 1881-84, were published only in separate form. Of the sth report 4 pages 
were reprinted in the 39th museum report,and a supplement to the 6th report was included 
in the 40th museum report. The 7th and subsequent reports are included in the 4rst and 
following museum reports, except that certain lithographic plates in the rrth report (189%) 
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Report Price Report Price Report Price 
12 (1892) $.50 I7 $.75 2r $.40 
14 275 18 75 22 +40 
5) 2v. 2 19 -40 a a3 -45 
16 I 20 +50 [See Director's annual reports] 


Paleontologist’s annual reports 1899—date. 


See first note under Geologist’s annual reports. 

Bound also with museum reports of which they form a part. Reports for 1899 and r900 
may be had for 20c each. Those for 1901-3 were issued as bulletins. In 1904 combined 
with the Director's report. 


Entomologist’s annual reports on the injurious and other insects of the 
State of New York 1882-date. 


Reports 3-20 bound also with museum reports 40-46, 48-58 of which they form a part. 
Since 1898 these reports have beén issued as bulletins. Reports 3-4, 17 are out of print, 
other reports with prices are: 


Report Price Report Price Report Price 
I $3.50 Ir $.25 21 (Bul. 104) $.25 

2 +30 12 2 ga2f°* x30) .25 
s -25 13 Out of print 23 124) .75 
6 15 14 (Bul. 23} +20 “ak Ta4.35 
z +20 get:* 92) .88 ant. -s4r)" 85 
.3s I 7 36) .25 26(“ 147) .35 

9 +25 18(“ 64) .20 a7{" .. 155)" ..40 
ro .35 19 (“* 67) .15 28 (* 165) .40 


THE UNIVERSITY OF THE STATE OF NEW YORK 


Reports 2, 8-12 may also be obtained bound in cloth at 25c each in addition to the price 


given above. 


Botanist’s annual reports 1867—date. 
Bound also with museum reports 21-date of which they form a part; the first Botanist’s 


report appeared in the 21st museum report and is numbered ar. 


were not published separately. 


Separate reports for 1871-74, 1876, 1888-98 are out of print. 


Report for 1899 may be 


Reports 21-24, 29, 31-41 ; 


had 


for 20c; 1900 for s50c. Since r901 these reports have been issued as bulletins. 
Descriptions and illustrations of edible, poisonous and unwholesome fungi of New York 
have also been published in volumes 1 and 3 of the 48th (1894) museum report and in volume 
1 of the 49th (1895), srst (1897), 52d (1898), 54th (1900), 55th (1901), in volume 4 of the 
56th (1902), in volume 2 of the 57th (1903), in volume 4 of the 58th (1904), in volume 2 
of the s9th (1905), in volume x of the 60th (1906), in volume 2 of the 61st (1907), 62d 
(1908), 63d (1909), 64th (1910), 65th (1911) reports. The descriptions and illustrations of 
edible and unwholesome species contained in the 49th, srst and 52d reports have been re- 
vised and rearranged, and, combined with others more recently prepared, constitute Museum 
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Museum bulletins 1887—date. 8vo. 


(4) entomology. 


To advance subscribers, $2 a year, or $1 
a year for division (1) geology, economic geology, paleontology, mineralogy; 
50¢ each for division (2) general zoology, archeology, miscellaneous, (3) botany, 
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Zoology 
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Economic Geology 
Mineralogy 
Entomology 


Economic Geology 
Botany 
Zoology 
Economic Geology 
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13 Entomology 

x4 Geology 

15 Economic Geology 
16 Archeology 
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18 Archeology 
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20 Entomology 
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22 Archeology 

23 Entomology 


25 Botany 
26 Entomology 


28 Botany 

29 Zoology 

30 Economic Geology 
31 Entomology 

32 Archeology 

33 Zoology 

34 Geology 

35 Economic Geology 
36 Entomology 


8 Zoology 

9 Paleontology 
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42 Geology 

43 Zoology 

44 Economic Geology 
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46 Entomology 
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93 Economic Geology 
94 Botany 

95 Geology 
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124 Entomology 
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129 Entomology 
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132 Economic Geology 


133 Director’s report for 1908 / 


134 Entomology 
135 Geology 
136 Entomology 
137 Geology 


139 Botany 


140 Director’s report for 1909 
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149 Director’s report for 1910 
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158 Director’s report for 1911 
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161 Economic Geology 

162 Geology 
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164 Director’s report for 1912 
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166 Economic Geology 
167 Botany 
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Bulletins are also found with the annual reports of the museum as follows: 


Bulletin Report Bulletin Report Bulletin Report Bulletin Report 
12-15 48,Vv.1 78 57, V. 2° 116 60, v. I 150 64, Vv. 2 
16,17 5°,V. 1 79 Big Walks Dea LL. 60,Vv.3 I5L 64, Vv. 2 
18,19 5I1,Vv.1I 80 57; Va Tr por Tz 60, Vv. I 152 64, Vv. 2 
20-25 Saver 81,82 58,Vv.3 DIQK2E OX, Ver 153 64, v. 2 
26-31 ke ae # 83,84 5S, Vad I22 61;°V. 2 154 64, Vv. 2 
32-34 54,V.1 85 58, Vv. 2 123 61, V.1 155 65, Vv. 2 
35,36 54, Vv. 2 86 58,Vv.5 124 61, Vv. 2 156 65, v.. 2 
37-44 54, V.3 87-89 «658, Vv. 4 125 62, Vv. 3 157 65, Vv. 2 
45-48 54,V.4 90 58, Vv.3 126-28 62,Vv.1 158 65, v. I 
49-54 55,V.1 9 58, Vv. 4 129 62, Vv. 2 159 Osyv. < 
55 56,V.4 92 58, V.3 130 62, Vv. 3 160 65;,Vv. I 
56 56,V. 1 93 58,v.2 131,132 62, Vv. 2 161 65, v. 2 
57 56,V.3 94 58,v.4 133 62,V.1 162 ©5, Vv. I 
58 56,V.1 95,96 So, Vat 134 62, Vv. 2 
59,60 56, V.3 97 58, Vv. 5 135 63, V.1 Memoir 
, 6r 56, Vv. 1 98,99 59,V.2 136 63, Vv. 2 2 49, V.3 
62 S60. 4 100 59,V.1 137 63,V.1 3.4 53, V.2 
63 56, Vv. 2 IOr 59, Vv. 2 138 G3 vat Be 57,V.3 
| 64 56, Vv. 3 102 59, Vv. I 139 63,Vv.2 57,V.4 
65 56, Vv. 2 103-5 59, V.2 140 63, Vv. 1 8, ptr 59, V.3 
66,67 56,V.4 106 59, Vv. 1 I41 Ogi vera 8, pt 2 59, V.4 
68 56, Vv.3 107 60, Vo 2 142 63, Vv. 2 9, ptr 60,V.4 
69 56, Vv. 2 108 60, V.3 143 63, V. 2 9, pt 2 62,Vv.4 
70,71 57,V.1,Pt 1 109,110 60, Vv. 1 144 64, Vv. 2 10 60, Vv. 5 
72 57. a,b a XIIt 60, v. 2 145 64, Vv. 1 II 61,V.3 
73 37, Ve2 112 60, V. I 140 64, Vv. 1 12 63,V.3 
74 S37, Vat, Dt 2 xx 60, Vv. 3 147 64, Vv. 2 13 63,V.4 
75 57, V.2 114 60, V. 1 148 64, v. 2 I4,Vv. 1 65,V.3 
t 76 57, ¥. %, pt. 2 115 60, Vv. 2 149 64, Vv. I 14, Vv. 2 65,v.4 
17 Sip Ws. 2, ptr 


The figures at the beginning of each entry in the following list indicate its number as a 
museum bulletin. 


___ Geology and Paleontology. 14 Kemp, J. F. Geology of Moriah and West- 
| ort Townships, Essex Co. N. Y., with notes on the iron mines. 38p. 
| il. 7pl. 2 maps. Sept..1895. Free 

| 19 Merrill, F. i H. Guide to the “Study of the Geological Collections of 

. the New York State Museum. 164p. rrg9pl. map. . Nov. 1898. Out of print. 

21 Kemp, J. F. Geology of the Lake Placid Region. 24p. tpl. map. Sept. 

1898. ree. 

, 34 rotten Wg E. R. Lower Silurian System of Eastern Maninomest) County; 
Prosser, C. S. Notes on the Stratigraphy of Mohawk Valley and Sara- 
toga County, N. Y. 74p. 14pl. ma May 1900. 15c. 

39 Clarke, J. M.; Simpson, G. B. & somis, F. B. Paleontologic Papers r. 

72p. il. r6pl. Oct. 1900. r5¢c. 

Contents: Clarke, J. M. A Remarkable Occurrence of Orthoceras in tne Oneonta Beds of 

the Chenango Valley, N. Y. 

—— Paropsonema cryptophya; : Peculiar Echinoderm from the Intumescens-zone 

(Portage Beds) of Western New York. 

| -_ pestvanine Hexactinellid Sponges from the Upper Devonic of New York, 

i —— The Water Biscuit of Squaw Island, Canandaigua Lake, N. 

Simpson, G. B. Preliminary Descriptions of New Genera of Paleozoic Rugose Corals. 

mis, F. B. Siluric Fungi from Western New York. 

42 Ruedemann, Rudolf. Hudson River Beds near Susan and their Taxo- 

nomic Equivalents. r16p. 2pl. map. Apr. 1901. 25 
45 Grabau, A. W. Geology and Paleontology of Ni ingara Falls and Vicinity. 
286p. il. 1 eh a Apr. 1907. 65¢; sper eo 

48 Woodwort Pleistocene Geology of Nassau County and Borough 

of Queens. s8p. Ba 8pl. map. Dec. 1901. 25¢. 

. 49 Ruedemann, Rudolf; Clarke, J. M. & Wood ‘Elvira. Paleontologic 
Papers 2. 240p. 13pl. Dec: 1901. Out of print. 


f, Contents: sp ondemann, Rudolf. Trenton Conglomerate of Rysedorph Hill. ! , 
Clarke, J. M. Limestones of Central and Western New York Interbedded with Bitumi- 
} nous Shales of the Marcellus Stage. 
r Wood, ‘rin. Marcellus Limestones of Lancaster, Erie Co., N. Y. 
F Clarke, J. M *. New Agelacrinites. 
—— Value ‘ulue of Amnigenia as an Indicator of Fresh-water Deposits during the Devonic of 
y New York, Ireland and the Rhineland. 


h 52 Clarke, J. M. a Se of the State Paleontologist 1901. 28op. il. ropl- 
} map, I = July 1902. 4oc. 

: 56 Merrill, F. J. H. Description of the State Geologic Map of 1901. 42p. 
\ 2 maps, tab. Nov. 1902. Free. 
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63 Clarke, J. M. & Luther, D..D. Stratigraphy of Canandaigua and Naples 
Quadrangles. 78p. map. June 1904. 25c. 

65 Clarke, J. M. Catalogue of Type Specimens of Paleozoic Fossils in the 
New York State Museum. 848p. May 1903. $1.20, cloth. 

69 Report of the State Paleontologist 1902. 464p.52pl.7 maps. Nov. 
1903. $1, cloth. 

77 Cushing, H. P. Geology of the Vicinity of Little Falls, Herkimer Co. 
8p. il. r5pl. 2 maps. Jan. 1905. 3oc. 

80 Clarke, J. M. Report of the State Paleontologist 1903. 396p. 2gpl. 
2 maps. Feb. 1905. 85¢, cloth. 

81 Clarke, J. M. & Luther, D.D. Watkins and Elmira Quadrangles. 32p. 
map. Mar. TOQOS: yp 25C: 

82 Geologic Map of the Tully Quadrangle. 4op.map. Apr.1905. 20c. 

83 Woodworth, J. B. Pleistocene Geology of the Mooers Quadrangle. 62p. 
25pl. map. June 1905. 25¢c. 


84 
il. rrpl. 18 maps. July 1905. 45¢c. 

90 Ruedemann, Rudolf. Cephalopoda of Beekmantown and Chazy For- 
mations of Champlain Basin. 224p. il. 38pl. May 1906. 75¢, cloth. 

92 Grabau, A. W. Guide to the Geology and Paleontology of the Schoharie 
Region. 314p.il. 26pl. map. Apr. 1906. 75¢, cloth. 

95 Cushing, H. P. Geology of the Northern Adirondack Region. 188p. 
15pl. 3 maps. Sept. 1905. 30c. 

96 Ogilvie, I. H. Geology of the Paradox Lake Quadrangle. 54p. il. 17pl. 
map. Dec. 1905. 3oc. 

99 Luther, D. D. Geology of the Buffalo Quadrangle. 32p. map. May 
1906. 20¢. 

IOI Geology of the Penn Yan-Hammondsport Quadrangles. 28p. 
map. July 1906. Out of print. 

106 Fairchild, H. L. Glacial Waters in the Erie Basin. 88p. 14pl. 9 maps. 
Feb. 1907. Out of print. 

107 Woodworth, J. B.; Hartnagel, C. A.; Whitlock, H. P.; Hudson, G. H.; 
Clarke, J. M.; White, David & Berkey, C. P. Geological Papers. 388p. 
54pl. map. May 1907. goc, cloth. 

Contents: Woodworth, J. B. Postglacial Faults of Eastern New York. 
Hartnagel, C. A. Stratigraphic Relations of the Oneida Conglomerate. 

Upper Siluric and Lower Devonic Formations of the Skunnemunk Mountain Region. 

Whitlock, H. P. Minerals from Lyon Mountain, Clinton Co. 

Hudson, G. H. On Some Pelmatozoa from the Chazy Limestone of New York. 

Clarke, 7 M. Some New Devonic Fossils. 

An Interesting Style of Sand-filled Vein. 

—— Eurypterus Shales of the Shawangunk Mountains in Eastern New York. 

White, David. A Remarkable Fossil Tree Trunk from the Middle Devonic of New York. 

Berkey, C. P. Structural and Stratigraphic Features of the Basal Gneisses of the High- 
ands. 

111 Fairchild, H. L. Drumlins of New York. 6op. 28pl. 19 maps. July 
1907. Out of are 

114 Hartnagel, C. A. Geologic Map of the Rochester and Ontario Beach 
Quadrangles. 36p. map. Aug. 1907. 20¢. 

115 Cushing, H. P. Gesu re the Long Lake Quadrangle. 88p. 2opl. 
map. Sept. 1907. Out of print. 

118 Clarke, J. M. & Luther, D. D. Geologic Maps and Descriptions of the 
Portage and Nunda peberae | including a map of Letchworth Park. 
5op. 16pl. 4 maps. Jan. 1908. 35¢. 

126 Miller, W. J. Geology of the Been Quadrangle. 54p. il. rrpl. map. 
Jan. 1909. 


2 
127 Fairchild, ne L. Glacial Waters in Central New York. 64p. 27pl. 15 


maps. Mar. 1909. 4oc. 

128 Luther, D. D. Geology of the Geneva-Ovid Quadrangles. 44p. mage 
Apr. 1909. 20C 

135 Miller, W. J. Geology of the Port Leyden Quadrangle, Lewis County, 
N.Y. 62p. il. rrpl.map. Jan. 1970. © 25c: 

137 Luther, D. D. eology of the Auburn-Genoa Quadrangles. 36p. map. 
Mar. rg9r1o. 200. 

138 Kemp, J. F. & Ruedemann, Rudolf. Geology of the Elizabethtown 
and Port Henry Quadrangles. 176p. il. zopl. 3 maps. Apr. 1910. 4o0c. 


5 
Ancient Water Levels of the Champlain and Hudson Valleys. 206p. 
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145 Cushing, H. P.; Fairchild, H. L.; Bereta any Rudolf & Smyth, C. H. 
Geology of the Thousand Islands Region. 194p. il. 62pl. 6 maps. Dec. 
Igio. 5c. 

235 Bese Cre: Geologic Features and Problems of the New York City 
(Catskill) Aqueduct. 286p. il. 38pl. maps. Feb. 1911. 75c; cloth, $1. 

a Gordon, C. E. Geology of the Poughkeepsie Quadrangle. t122p. il. 

6pl. map. Apr. 1911. 3o0C. 

nts uther, D Geology of the Honeoye-Wayland Quadrangles. 3op. 
map. Oct. 1911. 20¢. 

153 Miller, William J. Geblogy. of the Broadalbin Quadrangle, Fulton- 
Saratoga Counties, New York. 66p. il. 8pl. map. Dec. 1911. 25c. 

154 Stoller, James H. Glacial Geology of the Schenectady Quadrangle. 44p. 
gpl. map. Dec. 1911. 200. 

159 Kemp, James F. The Mineral Springs of Saratoga. 8op. il. 3pl. Apr. 
TOT2./* MSC. 

160 Fairchild, H. L. Glacial Waters in the Black and Mohawk Valleys. 48p. 
il. 8pl. 14 maps. May 1912. 50c. 

162 pi oR Rudolf. The Lower Siluric Shales of the Mohawk Valley. 
152p. il. 15pl. Aug. 1912. 35¢c. 

168 Miller, William Geological History of New York State. 130p. 43pl. 
10 maps. Dec. 1913. 4oc. 

Luther, D. D. - epee of the Attica and Depew Quadrangles. In press. 

Miller, William Geology of the North Creek Quadrangle. In press. 

Luther, D. D. reology of the Phelps Quadrangle. In preparation. 

Whitnall, H. O. Geology of the Morrisville Quadrangle. Prepared. 

Hopkins, T. C. Geology of the Syracuse Quadrangle. In press. 

Hudson, G. H. Geology of Valcour Island. Jn preparation. 

Economic Geology. 3 Smock, J. C. Building Stone in the State of New 
York. x54p. Mar. 1888. Out of print. 

7 First Report on_the Iron Mines and Iron Ore Districts in the State 
of New York. 78p. map. June 1889. Out of print. 

10 Building Stone in New York. 210p. map, tab. Sept. 18990. 4oc. 

tr Merrill, F. J. H. Salt and Gypsum Industries of New York. g4p. 12pl. 
2 maps, 11 tab. Apr. 1893. [5o0c] 

12 Ries, oie Clay Industriesof New York. 174p.il.rpl.map. Mar. 
1895. 

15 coat oF, J. H. Mineral Resources of New York. 240p. 2 maps. 
Sept. 1895. [soc] 

17 —— Road Materials and Road Building in New York. 52p. rapl. 
2 maps. Oct. 1897. r5¢. 

30 Orton, Edward. Petroleum and Natural Gas in New York. 136p. il. 
3. maps. Nov. 1899. 15¢. 

35 Ries, Heinrich. Clays of New York; their Properties and Uses. 456p. 
1g0opl.map. June 1900. Out of print. 

Lime and Cement Industries of New York; Eckel, E. C, Chapters 
on the Cement Industry. 332p. 1orpl. 2 maps. Dec. rgo01.  85c, cloth. 

61 Dickinson, H. T. Quarries of Bluestone and Other Sandstones in New 
York. 1114p. 18pl. 2 maps. Mar. 1903. 35¢. 

85 oeaped G. W. Hydrology of New York State. gozp. il. 44pl. 5 maps. 

May at Ny $x. 0, cloth. 
rac Shea a and Quarry Industry of New York. 78p. 
1905. ae of pr 
McCook. W. E. tire ‘Tests of Some New York Building Stones. 4op. 
eae Feb. 1906. 15¢. 

1oz2 Newland, D. H. Mining and Quarry Industry of New York 1905. 
162p. June 1906. 25¢. 

112 Mining and sire Industry of New York 1906. 82p. July 
1907. Ont of se 

119 —— & Kemp, J. F. eécker of the Adirondack Magnetic Iron Ores 
with a Re dg "on athe Mineville-Port Henry Mine Group. 184p. r4pl. 
8. maps. 35¢. 

120 Newland, *Mising and Quarry Industry of New York 1907. 82p. 
July 1908. Out of print. 
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123 & Hartnagel, C. A. Iron Ores of the Clinton Formation in New 
York State. 76p. il. r4pl. 3 maps. Nov. 1908. 25¢c. 

132 Newland, D.H. Mining and Quarry Industry of New York 1908. 98p. 
July 1909. 15¢. 

142 Mining and Quarry Industry of New York for1go9. g8p. Aug. 
IQIo. I5C. 


143 Gypsum Deposits of New York. 94p. 20pl. 4maps. Oct. 1910 35¢. 
I51 Mining and Quarry Industry of New York 1910. 82p. June IgII. I5c. 
161 + Mining and Quarry Industry of New York 1911. 114p. July 1912. 20¢. 
166 —— Mining and Quarry Industry of New York 1912. 114p. August 1913. 


20¢. 
Mineralogy. 4 Nason, F. L. Some New York Minerals and their Localities. 
22p. ipl. Aug. 1888. Free. 


58 Whitlock, H. P. Guide to the Mineralogic Collections of the New York 


State Museum. t5op. il. 39pl. 11 models. Sept. 1902. oc. 
New York Mineral Localities. trop. Oct. 1903. 20¢. 


70 
98 


1905. Out of print. 

Zoology. 1 Marshall, W. B. Preliminary List of New York Unionidae. 
2op. Mar. 1892. Free. 

Beaks of Unionidae Inhabiting the Vicinity of Albany, N. Y. gop. 
ipl.. Aug. 1899.’ Free. 

29 Miller, G. S., jr. Preliminary List of New York Mammals. 124p. Oct. 
1899. 15¢. 

33 Farr, M. aS Check List of New York Birds. 224p. Apr. 1900. 25¢. 

38 Miller, G. S., jr. Key to the Land Mammals of Northeastern North 
America. 106p. Oct..1900. Out of print. 

40 Simpson, G. B. Anatomy and Physiology of Polygyra albolabris and 
Limax maximus and Embryology of Limax maximus. 82p. 28pl. Oct. 
IQOl. 25¢C. 

43 Ketloue J. L. Clam and Scallop Industries of New York. 36p. 2pl. 
map. Apr. 1gor. Free. 

51 Eckel, E. C. & Paulmier, F.C. Catalogue of Reptiles and Batrachians 
of New York. 64p. il. rpl. Apr. 1902. Out of print. 


Eckel, E. C. Serpents of Northeastern United States. 
Paulmier, F.C. Lizards, Tortoises and Batrachians of New York. 


9 


60 Bean, T. H. Catalogue of the Fishes of New York. 784p. Feb. 1903. 


$1, cloth. 

71 Kellogg, J. L. Feeding Habits and Growth of Venus mercenaria. 3op. 
4pl. Sept. 1903. Free. 

88 Letson, Elizabeth J. Check List of the Mollusca of New York. rr6p. 
May 1905. 20c. 

91 Paulmier, F. C. Higher Crustacea of New York City. 78p. il. June 
Ig05. 20C. 

130 Shufeldt, R. W. Osteology of Birds. 382p. il. 26pl. May 1909. soc. 

Entomology. 5 Lintner, J. A. White Grub of the May Beetle. 34p. il. 
Nov. 1888. Free. 

6 Cut-worms. 38p. il. Nov. 1888. Free. 

13 San José Seals ea Some Destructive Insects of New York State. 
54p. 7pl. Apr. 1895. r5¢c. 

20 Felt, E. P. Elm Lewt Beetle in New York State. 46p. il. spl. June 
1898. Free. 


See 57. 
23 


roe 14th Report of the State Entomologist 1898. rsop. il. gpl. Dee. 

189 20¢. 

Memorial of the Life and Entomologic Work of J. A. Lintner Ph.D. 
State Entomologist 1874-98; Index to Entomologist’s Reports 1-13. 316p. 
tpl. Oct. 1899. 35¢c. 

Supplement to 14th report of the State Entomologist. 

26 Collection, Preservation and Distribution of New York Insects. 
36p. il. Apr. 1899. Out of print. 

Shade Tree Pests in New York State. 26p. il. spl. May 1899. 


24 


27 
Free. 


Contributions from the Mineralogic Laboratory. 38p. 7pl. Dec. ; 
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31 —— 15th Report of the State Entomologist 1899. 128p. June rgoo. 

esc, 

36 16th Report of the State Entomologist 1900. 118p. x16pl. Mar. 

Toot izEor 

Catalogue of Some of the More Important Injurious and Beneficial 
Insects of New York State. 54p. il. Sept. 1900. Free. 

46 —— Scale Insects of Importance and a List of the Species in New York 
State. o4p.il. r5pl. June 1901. 25¢. 

47 Needham, J. G. & Betten, Cornelius. Aquatic Insects in the Adiron- 
dacks. 234p. il. 36pl. Sept. r901. 45¢c. 

53 Felt, E. P. 17th Report of the State Entomologist rgor. 232p. il. 6pl. 
Aug. 1902. Out of print. d 

Elm Leaf Beetle in New York State. 46p. il. 8pl. Aug. 1902. 
Out of print. 
This is a revision of Bulletin 20 containing the more essential facts observed since that 

was prepared. 

59 Grapevine Root Worm. 4op. 6pl. Dec. 1902. 15¢. 
See 72. 


11op. 6pl. May 


1903. 20¢. 

68 ice Aces: J. G. & others. Aquatic Insects in New York. 322p. 52pl. 
Aug. 1903. 80c, cloth. 

72 Felt, E. P. Grapevine Root Worm. 58p. 13pl. Nov. 1903. 20¢. 
This is a revision of Bulletin 59 containing the more essential facts observed since that 

was prepared, 

74 & Joutel, L. H. Monograph of the Genus Saperda. 88p. rapl. 
June i ae 25¢. 

76 Felt, E. P. roth Report of the State Entomologist 1903. r50p. 4pl. 
TO0d,. ESC. 

: Mosquitos or Culicidae of New York. 164p. il. 57pl. tab. Oct. 


7B. 
04. 


4oc. 

86. alan: J. G. & others. May Flies and Midges of New York. 352p. 
il. 37pl. ae 1905. 8oc, cloth. 

97 Felt, E. 2oth Report of the State Entomologist 1904. 246p. il. ropl. 
Nov. 1905. 4oc. 

103 Gipsy and Brown Tail Moths. 44p. ropl. July 1906. 15¢c. 

104 21st Report of the State Entomologist 1905. 3144p. ropl. Aug. 
1906. 25¢. 

109 Tiissock Moth and Elm Leaf Beetle. 34p. 8pl. Mar. 1907. 200. 

110 22d Report of the State Entomologist 1906. rs52p. 3pl. June 
1907. 25¢. 

124 23d Report ofthe State Entomologist 1907. 542p. il. q4pl. Oct. 
nook. 75c° 

May test of Household Insects. 48p.i!. May 1909. Out of print. 

134 24th Report of the State Entomologist 1908. 208p. il. r7pl. 
Sept. 1909. 35¢. 

136 Control of Flies and Other Household Insects. 56p. il. Feb. 
roI10,/ T5c. 
This is a revision of Bulletin 129 coritaining the more essential facts observed since 

that was prepared. : 


141 Felt, E. P. 25th Report of the State Entomologist 1909. 178p. il. 22pl- 


July 19x10. 4c. ; 
147 26th Report of the State Entomologist 1910. 182p. il. 35pl. Mar. 
IQII. 35¢. 


155 —— 27th Report of the State Entomologist 1911. 198p. il. 27pl. Jan. 
1912. 40c. 

156 —— Elm Leaf Beetle and White-Marked Tussock Moth. 35p. 8pl. Jan. 
1912. 20c. 

age —— 28th Report of the State Entomologist 1912. 266p. 14pl. July 1913. 


Newdhadh J.G. lr h on Stone Flies. IJ preparation. 
Botany. 2 Peck, C. OCcadaibetiens to the Botany of the State of New 
York. 72p. 2pl. ey 1887. Out of print. 
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8 —— Boleti of the United States. o98p. Sept. 1889. Out of print. 

25 Report of the State Botanist 1898. 76p. spl. Oct. 1899. Out of 
roi. 

a Plants of North Elba. 206p. map. June 1899. 2oc. 

54 —— Report of the State Botanist 1901. 58p. 7pl. Nov. 1902. 4oc. 

67 —— Report of the State Botanist 1902. 1096p. 5pl. May 1903. Soc. 

75 —— Report of the State Botanist 1903. 7op. 4pl. 1904. 4oc. 

94 —— Report of the State Botanist 1904. 6o0p.1opl. July'1905. 4oc. 

105 —— Report of the State Botanist 1905. 108p.12pl. Aug.1906. S5oc. 

116 —— Report of the State Botanist 1906. s120p. 6pl. July 1907. 35¢. 

122 —— Report of the State Botanist 1907. 178p. 5pl. Aug. 1908. 4oc. 

131 —— Report of the State Botanist 1908. 202p. 4pl. July 1909. 4oc. 

139 —— Report of the State Botanist 1909. 116p.10opl. May ugto. 4s5¢. 

150 —— Report of the State Botanist 1910. t1oop. spl. May 1911. 3o0e. 

157 Report of the State Botanist 1911. 139p. gpl. Mar. 1912. 35¢. 

107 


Report of the State Botanist 1912. 138 4pl. Sept. 1913. 30c. 
Archeology. 16 Beauchamp, W. M. Aboriginal Chi 

of New York. 86p. 23pl. Oct. 1897. 25¢c. 
18 Polished Stone Articles Used by the. New York Aborigines. 1o04p. 
25pl.  NGv.) 1807.) 2i5c. 
Earthenware of the New York Aborigines. 78p. 33pl. Oct. 1898. 


ipped Stone Implements 


22 


Aboriginal Occupation of New York. 1gop. 16pl. 2 maps. Mar. 
Igoo. oc. 

Wampent and Shell Articles Used by New York Indians. 166p. 
28pl. Mar. 1901. 3o¢. 

Horn and Bone Implements of the New York Indians. 112p. 43pl. 
Mar. 1902. 30c. 

Metallic Implements of the New York Indians. 94p. 38pl. June 
EOOLR  25G: 


55 


73 Metallic Ornaments of the New York Indians. 1122p. 37pl. Dec. 
1903. 30C. ’ 
78 thstory of the New York Iroquois. 34o0p. 17pl. map. Feb. 1905. 


75¢, cloth. 


87 Perch Lake Mounds. 84p.12pl. Apr. 1905. Out of print. 

89 Aboriginal Use of Wood in New York. troop. 35pl. June 1905. 
35¢. 

108 Aboriginal Place Names of New York. 336p. May 1907. 40c. 


113 —— Civil, Religious and oe ee Councils and Ceremonies of Adop- 
tion. 3118p. 7pl. June 1907. 25¢c. 

117 Parker, A. C. An Erie indian Village and Burial Site. 1ozp. 38pl. 
Dec. 1907. 30C. 

125 Converse, H. M. & Parker, A.C. Iroquois Myths and Legends. 1096p. 
i rrp We Cu coOSmmsoC. 

144 Parker, A. C. Iroquois Uses of Maize and Other Food Plants. r12op. 
il. grpl. Nov. 1910. 30c. 

163 The Code of Handsome Lake. 144p. 23pl. Nov. 1912. 25¢. 

Miscellaneous. 62 Merrill, F. J. H. Directory of Natural History Museums 
in United States and Canada. 236p. Apr. 1903. 3oc. 

66 Ellis, Mary. Index to Publications of the New York State Natural 
History Survey and New York State Museum 1837-1902. 418p. June 
1903. 75¢, cloth. 

Museum memoirs 1889-date. 4to. ; 

1 Beecher, C. E. & Clarke, J. M. Development of Some Silurian Brachi- 
opoda. g6p. 8pl. Oct. 1889. $1. 

2 Hall, James & Clarke, J. M. Paleozoic Reticulate Sponges. 35op. il. 7op!. 
1808. $2, cloth. 

3 Clarke, J. M. The Oriskany Fauna of Becraft Mountain, Columbia Co., 
N. Y. 128p opt. Oct. 1900. 80c. 

4 Peck, C. H. PN Edible Fungi, 1895-99.: 106p. 25pl. Nov. 1900. [$1.25] 


This includes revised descriptions and illustrations of fungi reported in the 49th, 51st and 
52d reports of the State Botanist. 
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Clarke, J. M. & Ruedemann, Rudolf. Guelph Formation and Fauna of 

New York State. ae 21pl. July 1903.. $1.50, cloth. 

Clarke, J. M. Naples Fauna in Western New York. 268p. 26pl. map. 

1904. $2, cloth. 

Ruedemann, Rudolf. Graptolites of New York. Pt 1 Graptolites of the 

Lower Beds. 350p. 17pl. Feb. 1905. $1.50, cloth. 

Felt, E. P. Insects Affecting Park and Woodland Trees. v.r. 46op. 

il. 48pl. Feb. 1906. $2.50, cloth; v.2. 548p. il. 22pl. Feb. 1907. $2, cloth. 

Clarke, J. M. Early Devonic of New York and Eastern North America. 

Pt 1. 366p. il. 7opl.5 maps. Mar. 1908. $2.50, cloth; Pt 2. 25op. il. 36pl. 

4 maps. Sept. 1909. $2, cloth. 

to Eastman, C. R.. The Devonic Fishes of the New York Formations. 
236p. 1spl. 1907. $1.25, cloth. 

tr Ruedemann, Rudolf. Graptolites of New York. Pt 2 Graptolites of 
the Higher Beds. 584p. il. 31pl. 2 tab. Apr. 1908. $2.50, cloth. 

12 Eaton, E. H. Birds of New York. v. 1. sorp. il. g2pl. Apr. 1910. 
$3, cloth; v. 2, in press. ; 

13 Whitlock, H. P. Calcitesof New York. gop. il.27pl. Oct: rg10. $1, cloth. 

14 Clarke, J. M. & Ruedemann, Rudolf. The Eurypterida of New York. v. 1. 
Text. op. il. v. 2 Plates. 188p. 88pl. Dec. 1912. $4, cloth. 

Natural History of New. York. 3o0v. il. pl. maps. 4to. Albany 1842-94. 

DIVISION 1 zooLoGy. De Kay, James E. Zoology of New York; or, The 
New York Fauna; comprising detailed descriptions of all the animals 
hitherto observed within the State of New York with brief notices of 
those occasionally found near its borders, and accompanied by appropri- 
ate illustrations. 5v.il. pl.maps. sq. 4to. Albany 1842-44. Out of print. 
Historical introduction to the series by Gov. W. H. Seward. 178p. 

v.1 ptr Mammalia. 131 + 46p. 33pl. 1842. 

300 copies with hand-colored plates. 

v. 2 pt2 Birds. 12+ 380p. r4rpl. 1844. 
Colored plates. 

v. 3 pt3 Reptiles and Amphibia. 7+ 98p. pt4 Fishes. 15 + 415p. 1842. 
pt 3-4 bound together. 

v. 4 Plates to accompany v. 3. Reptiles and Amphibia. 23pl. Fishes. 
yopl. 1842. 

300 copies with hand-colored plates. 

v. 5 pts Mollusca. 4+ 271p. 4opl. pt6 Crustacea. 7op.13pl. 1843-44. 
Hand-colored plates; pts—6 bound together. 

DIVISION 2 BOTANY. Torrey, John. Flora of the State of New York; com- 
prising full descriptions of all the indigenous and naturalized plants hith- 
erto discovered in the State, with remarks on their economical and medical 
properties. v. il. pl. sq. 4to. Albany. 1843. Out of print. 

v. 1 Flora of the State of New York. 12 + 484p. 72pl. 1843. 

300 copies with hand-colored plates. 

v. 2 Flora of the State of New York. 572p. 89pl. 1843. 
300 copies with hand-colored plates. 

DIVISION 3 MINERALOGY. Beck, Lewis C. Mineralogy of New York; com- 
prising detailed descriptions of the minerals hitherto found in the State 
of New York, and notices of their uses in the arts and agriculture. il. pl. 
sq. 4to. Albany 1842. Out of print. 

v. 1 ptr Economical Mineralogy. ptz Descriptive Mineralogy. 24 + 536p- 
1842. 

8 plates additional to those printed as part of the text. 

DIVISION 4 GEOLOGY. Mather, W. W.; Emmons, Ebenezer; Vanuxem, Laid- 
ner & Hall, James. Geology of New York. 4v. il. pl. sq. 4to. Albany 
1842-43. Out of print. ee: 

v. 1 ptr Mather, W.W. First Geological District. 37 + 653p.46pl. 1843. 

vy. 2 pt2 Emmons, Ebenezer. Second Geological District. 10 + 437p. 

r7pl. 1842. 
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v. 3 pt3 Vanuxem, Lardner. Third Geological District. 306p. 1842. 

v. 4 ptq Hall, James. Fourth Geological District.. 22 + 683p. ropl. 
map. 1843. 

DIVISION 5 AGRICULTURE, Emmons, Ebenezer. Agriculture of New York; 
comprising an account of the classification, composition and distribution 
of the soils and rocks and the natural waters of the different geological 
formations, together with a condensed view of the meteorology and agri- 
cultural productions of the State. 5v. il. pl. sq. 4to. Albany 1846-54. 
Out of print. 

v. t Soils of the State, Their Composition and Distribution. 11 + 3712p. 2rpl. 
1846. 

v. 2 Analysis of Soils, Plants, Cereals, etc. 8 + 3434+ 46p. 42pl. 1840. 
With hand-colored plates. 


v. 3 Fruits, ete. 8 + 340p. 1851. 
v.. 4 Plates to accompany v. 3. g5pl. 1851. 
Hand-colored. : 


v. 5 Insects Injurious to Agriculture. 8+ 272p. sopl. 1854. 
With hand-colored plates. 


DIVISION 6 PALEONTOLOGY. Hall, James. Palaeontology of New York. 8v. 
il. pl. sq. 4to. Albany 1847-94. Bound 1n cloth. 

v. 1 Organic Remains of the Lower Division of the New York System. 
23 + 338p. oopl. 1847. Out of print. 

v. 2 Organic Remains of Lower Middle Division of the New York System. 
8 + 362p. ro4pl. 1852. Out of print. 

v. 3 Organic Remains of the Lower Helderberg Group and the Oriskany 
Sandstone. pti, text. 12 + 532p. 1859. [$3.50] 

pt 2. r42pl. 1861. [$2.50] 

v. 4 Fossil Brachiopoda of the Upper Helderberg, Hamilton, Portage and 
Chemung Groups. 11 + 1+ 428p. 69pl. 1867. $2.50. 

v. 5 pt 1 Lamellibranchiata 1. Monomyaria of the Upper Helderbergs, 
Hamilton and Chemung Groups. 18 + 268p. 45pl. 1884. $2.50. 

Lamellibranchiata 2. Dimyaria of the Upper Helderberg, Ham- 

ilton, Portage and Chemung Groups. 62 + 293p. s5r1pl. 1885. $2.50. 
pt 2 Gasteropoda, Pteropoda and Cephalopoda of the Upper Helder- 

berg, Hamilton, Portage and Chemung Groups. 2v. 1879. v. 1, text. 

15 + 492p.;v.2. r2opl. $2.50 for 2 v. 

& Simpson, George B._ v. 6 Corals and Bryozoa of the Lower and Up- 

per Helderberg and Hamilton Groups. 24 + 298p. 67pl. 1887. $2.50. 

& Clarke, John M. v. 7 Trilobites and Other Crustacea of the Oris- 

kany, Upper Helderberg, Hamilton, Portage, Chemung and Catskill 

Groups. © 64 + 236p.46pl. 1888. Cont. supplement tov. 5, pt2. Ptero- 

poda, Cephalopoda and Annelida. 42p. 18pl. 1888. $2.50. 

& Clarke, John M. v.8ptr «Introduction to the Study of the Genera 

of the Paleozoic Brachiopoda. 16 + 367P- 44pl. 1892. $2.50. 
& Clarke, John M. v.8 pt 2 Paleozoic Brachiopoda. 16 + 3094p. 64pl. 

1894. $2.50. 


Catalogue of the Cabinet of Natural History of the State of New York and 
of the Historical and Antiquarian Collection annexed thereto. 242p. 8vo. 
1853. 

Handbooks 1893-date. 


New York State Museum. s2p. il. 1902. Free. 
Outlines, history and work of the museum with list of staff 1902. 
Paleontology. 12p. 1899. Out of print. 


Brief outline of State Museum work in paleontology under heads: Definition; Relation’ to 
biology; Relation to stratigraphy; History of paleontology in New York. 


Guide to Excursions in the Fossiliferous Rocks of New York. 124p. 1899. 
Out of print. 
Itineraries of 32 trips covering nearly the entire series of Paleozoic rocks, prepared specially 


for the use of teachers and students desiring to acquaint themselves more intimately with the 
classic rocks of this State. 


MUSEUM PUBLICATIONS 


Entomology. 16p. 1899. Out of print. 

Economic Geology. 44p. 1904. Free. : 

Insecticides and Fungicides. z0p. 1909. Free. 

Classification of New York Series of Geologic Formations. 32p. 1903. Out 
of print. Revised edition. 96p. 1912. Free. 

Geologic maps. Merrill, F. J. H. Economic and Geologic Map of the 
State of New York; issued as part of Museum Bulletin 15 and 48th Museum 
Report, v. 1. 59x67cm. 18094. Scale 14 miles to 1inch. rsc. 

Map of the State of New York Showing the Location of Quarries of 

Stone Used for Building and Road Metal. 1897. Out of print. 

Map of the State of New York Showing the Distribution of the Rocks 
Most Useful for Road Metal. 1897. Out of print. 

— Geologic Map of New York. too01. Scale 5 miles to 1inch. Jn atlas 
form $3. Lower Hudson sheet 6oc. 

The lower Hudson sheet, geologically colored, comprises Rockland, Orange, Dutchess, 
Putnam, Westchester, New York, Richmond, Kings, Queens and Nassau counties, and parts 
of Sullivan, Ulster and Suffolk counties; also northeastern New Jersey and part of western 
Connecticut. 

Map of New York Showing the Surface Configuration and Water Sheds. 
igor. Scale 12 miles to 1 inch. 15¢c. 

—— Map of the State of New York Showing the Location of Its Economic 
Deposits. 1904. Scale 12 miles to 1 inch. r5c. 

Geologic maps on the United States Geological Survey topographic base. 
Scale 1 in. == 1 m. Those marked with an asterisk have also been pub- 
lished separately. 

*Albany county. 1898. Out of print. 

Area around Lake Placid. 1808. 

Vicinity of Frankfort Hill [parts of Herkimer and Oneida counties]. 1899. 

Rockland county. 1899. 

Amsterdam quadrangle.-—19g00. 

*Parts of Albany and Rensselaer counties. 1gor. Out of print. 

*Niagara river. Igor. 25¢. 

Part of Clinton county. rgor. 

Oyster Bay and Hempstead quadrangles on Long Island. gor. 

Portions of Clinton and Essex counties. 1902. 

Part of town of Northumberland, Saratoga co. 1903. 

Union Springs, Cayuga county and vicinity. 1903. 

*Olean quadrangle. 1903. Free. 

*Becraft Mt with 2 sheets of sections. (Scale 1in.—=4m.) 1903. 20a 

*Canandaigua-Naples quadrangles. 1904. 20¢. 

*Little Falls quadrangle. 1905. Free. 

*Watkins-Elmira quadrangles. 1905. 20¢. 

*Tully quadrangle. 1905. Free. 

manca quadrangle. i905. Free. 

*Mooers quadrangle. 1905. Free. 

Paradox Lake quadrangle. 1905. 

*Buffalo quadrangle. 1906. Free. 

*Penn Yan-Hammondsport quadrangles. 1906. 20c, 

*Rochester and Ontario Beach quadrangles. oc. 

*Long Lake quadrangle. Free.“ 

*Nunda-Portage quadrangles. 2oc. 

*Remsen quadrangle. 1908. Free. 

*Geneva-Ovid quadrangles. 1909. _20¢. 

*Port Leyden quadrangle. 1910. Free. 

*Auburn-Genoa quadrangles. 1910. 20¢. 

*Elizabethtown and Port Henry quadrangles. 1910. I5¢, 

*Alexandria Bay quadrangle. Free. 

*Cape Vincent quadrangle. Free. 

*Clayton quadrangle. Free. 

*Grindstone quadrangle. Free. 

*Theresa quadrangle. Free. 

Yt Be eres Se quadrangle. Free. 

*Honeoye-Wayland ay‘ 20¢. 

*Broadalbin quadrangle. Free. 

*Schenectady quadrangle. Free. 


